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1.0     INTRODUCTION 

Most studies of cloud motions and morphology have been done in the 

Eulerian frame, that is, a frame fixed with respect to the earth. For most such 

studies, the Eulerian frame is indeed the most meaningful. For tropical 

cyclones, however, it would also be useful to study cloud motions and morphology 

in the Lagrangian frame, that is, a frame centered on the storm (and therefore 

moving with it) and oriented with a principal axis in the direction of motion of 

the storm. Such studies would hopefully reveal new insights into the behaviour of 

tropical cyclones. 

With the advent of cloud imagery from the Geostationary Operational 

Environmental Satellites (GOES) and similiar satellites, this type of study is now 

possible, for it requires a long series of images taken at regular intervals, 

preferably intervals as short as possible. With GOES, the images can be 

generated every half hour for images of the entire disc of the earth, or every 15 

minutes if only a portion of the full disc is viewed. From these images subsets 

can be derived that are centered on the storm. 

The purpose of the contract discussed in this report was to develop 

software that would transform tropical cyclone images (from GOES) into 

Lagrangian coordinates, create interpolated images to replace missing or garbled 

ones, and transfer the resulting images to videotape for later playback through a 

normal TV monitor. The images provided by the government were of Hurricane 

Ignacio, which occurred off the west coast of Mexico during October 1979. The 

images provided were spaced two hours apart and covered a 6.5 day period. In 

all, 76 good images were provided; three new images had to be generated by 

interpolation to replace two missing and one garbled image. Thus, a total of 79 

images in the Lagrangian frame were produced and transferred to videotape. 

In the next section, we discuss the software (including procedures for using 

it) and production of the videotape. The third section discusses the results. 

Finally, Appendices A, B and C present flow charts and listings of the software. 

A list of the abbreviations used in this report is contained in the final appendix 

(D). 
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2.0 IMAGE PROCESSING 

The transformation of an image of a tropical cyclone into Lagrangian 

coordinates and final storage onto videotape is a process that has many steps. 

The process involves the use of the Data General Computers associated with 

SPADS (either the Eclipse S/250 or the Nova), the CDC computers of FNOC 

(SPC and, possibly, HAL), and a special piece of hardware known as an RBG to 

NTSC color encoder. The entire process is summarized in the flow chart shown 

in Figure 2-1. The following sections discuss the software referred to in this 

figure as well as the procedures for using it and for transferring the images to 

videotape. 

I 

2.1 Initial Processing on SPADS 

The initial processing of the image uses software previously developed for 

the SPADS. This software is documented elsewhere and will only be briefly 

mentioned here. The exception to this is the program ANGLEL, which was 

developed specifically for this contract; it is discussed toward the end of this 

section. 

The user must start with a large sector image file in a format compatible 

with the SPADS. This image file can either be directly captured from GOES 

using GADHS or it can be taken from magnetic tape in the MCIDAS format and 

converted to the format acceptable to SPADS using the program MCODIS or 

MCODIS2. This image sector is then subset into a 512 x 512 image using 

GIMAGE; the starting location (upper left corner) of this subset is chosen such 

that the center of the tropical cyclone is close to the center of the image. (It 

may be necessary to run GIMAGE several times on a given sector in order to 

properly center the storm.) The resultant image is then processed with the 

program TCIF (for Tropical Cyclone Intensity Forecast) to better estimate the 

storm center location (in both pixel/raster and latitude/longitude coordinates). 

The program ZEBFLS is then run to transfer the image produced by GIMAGE to 

magnetic tape in a format acceptable to the FNOC computer SPC. Finally, 

ANGLEL is run to determine the amount of rotation needed for each image in 

the Lagrangian transformation. 
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ORDER OF EVENTS 

ON 5PADS 

1.   Generate large sector image files in for- 
mat acceptable to SPADS 

2.   Subset   sector   image   files   to   generate 
512 X 512 files centered on storm 

3.   Find coordinates of spiral centers in both 
(pixel, raster) and (latitude, longitude) 

4.   Store 512 x 512 images on tape in format 
acceptable to SPC 

5.   Calculate rotation angle needed for each 
image 

ON SPC 

6.   Rotate each image and save new images 
on tape 

7.   Replace   missing   images  (if  any)  using 
interpolation scheme and save on tape 

ON SPADS 

8. Read new images from tape to disk 

9. Display new images chronologically and 
transfer to videotape using RBG to 
NTSC color encoder 

Reformat Mcldas 
tapes: run MCODIS 

or MCODI52 
or 

Capture image 
with GADHS 

^ ▼ r^ __ 
run 

GIMAGE 

^r 
run 

TCIF 

\ 

r 

^ 

~-i run 
ZEBFL5 

^ 

run 
ANGLEL 

-( ^ r 
run 

TCROTAT 

i 
run 

ITRPIMG 

■   ■          ■■ ■'< 

▼ 
run 

ZZBFLS 

•-- 
T 

run 
5DI5PLAY 

FIGURE 2-1: SUMMARY OF IMAGE TRANSFORMATION PROCESS 
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The program ANGLEL and its subroutine CKIN are listed in Appendix A 

along with their flow charts. This program calculates the angle that an image 

must be rotated in order to put it into the Lagrangian frame. The center of the 

storm (determined using TCIF) is the origin of the Lagrangian frame and the 

vertical axis becomes the direction of its motion. If two consecutive images are 

denoted by the subscripts i and i + 1 then the change in latitude and longitude of 

the storm center is ;^ 

A lat = lat.   , - lat. 
1+1 I ' 

■:    A long = long.^j - long. -   . 

The angle of rotation,  9    , needed to put the image into the Lagrangian frame is 

then given by 

tan 0 = tan(cos(lat)  •    A    long!/sin( Alat) 

I 
where   lat   is   the   higher   latitude   of   the   two   points.      In   order   to   speed 

computations, this equation was approximated to 

tan 0   = cos (lat) (A long/A lat) i 

since A lat and A long are such small angles. (The inaccuracy introduced by this 

approximation is considerably smaller than the inaccuracies of the A lat and 

A long measurements caused by errors in storm center positioning.) If the second 

point (i+1) is equatorward of the first point (i) then 9 is adjusted by adding or 

subtracting 180°.  The results of using this program are discussed in section 3.0. 

2.2     Processing on SPC 

The images stored on tape by ZEBFLS can now be processed with the SPC 

computer at FNOC. As indicated in Figure 2-1, two programs are used in this 

processing. The first is TCROTAT, which reads an image from tape, rotates it 

through the angle calculated by ANGLEL, and writes the new image to another 

tape. The second is ITRPIMG, which creates an interpolated image from two 

other images (the "before" and "after"  images that had already been rotated) 
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and writes the resultant image to tape. These programs are executed with the 

job card streams aiCROTATE and 3INTERPOLATE. These programs will now be 

discussed in detail. i 

2.2.1 Program TCROTAT • ■ 

The job stream listing, flow charts and program and subroutine listings of 

TCROTAT are given in Appendix B. The input data to this program consists of 

the storm center location in (pixel, raster) coordinates (as found by running 

TCIF) and the angle the image needs to be rotated (as found by running 

ANGLEL). Columns 1-3 of the input record contain ICNTR, the pixel value of 

the storm center; columns 5-7 contain 3CNTR, the raster value of the center; 

and columns 9-15 contain ANGLE, the rotation angle for the image (positive 

counterclockwise). (Warning: Do not invert pixel and raster number when using 

TCROTAT. This is easy to do since in TCROTAT the pixel is labeled I and the 

raster 3 whereas in TCIF the notation is reversed.) The user also has the option 

of using the line printer to display the central portion (128 x 128) of the storm 

for both the original and rotated images; this option is exercised through the 

setting of switches in the job control stream. The program thus starts by reading 

the switches and the input data (storm center and rotation angle) and checking 

for validity. 

The image file is then read from the tape (referred to as TAPE^f in the 

program) and stored in Extended Core Storage (ECS). An image file consists of 

515 records: record 1 is the header, records 2-513 are image data (one raster per 

record), and records 51'^ and 515 are documentation. Each raster (or record) 

contains 512 8-bit pixels (or bytes) packed into 69 words; the image file 

therefore is 69 x 515 = 35535 words long. As the image is read in, it is shifted 

such that the spiral center location will be at pixel 256 and raster 256. This 

means that blank rows and columns will be inserted where the image has moved 

away from the edges. The first word address (FWA) of each raster is stored in 

lECl(l) through IECl(512),the FWA of the header record is stored in IEC1(513) 

and the FWA's of the documentation are stored in IEC1(51^) and IEC1(515). This 

array is contained in the COMMON block EOBLK, along with a similar array for 

the rotated image. This second array, IEC2, is 512 words long, having only the 

FWA's of the rasters of the rotated image since the header and documentation 

records will be the same as for the original image. 
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If switch 1 is set, the central portion (128 x 128) of the original image 

(shifted to the storm center) will be displayed, using the line printer as the 

display devise. Since the line printer outputs characters at 10 per inch 

horizontally and 6 or 8 per inch vertically, the resultant image is elongated 

vertically. This distortion is of no consequence since these intermediate displays 

are only for verification of storm center and rotation. j 

The line printer display is executed with a call to the subroutine IMGPLOT, 

which is passed the argument ITYP. If ITYP = I, the original image is displayed; 

if ITYP = 2, the rotated image is displayed on the line printer. This subroutine 

reads the middle 128 rasters of the image from ECS. It unpacks the data, assigns 

a printer character for each pixel intensity according to Table 2-1, and prints the 

line. As stated above, only the central 128 x 128 portion of the image is 

displayed. 

The image is then rotated with a call to subroutine ROTATE, which is 

passed the argument ANGLE. The latter is the angle, in degrees, the image is to 

be rotated, with positive angles being counterclockwise. In order to save 

computer time the corners of the 512 x 512 image are not rotated, since they 

would be rotated out of the image and be lost anyway. This is accomplished by 

calculating the start and end points for each raster 

END PT = ( 255^ - (Y - 255)2f +  256 
I 

START PT = 512 - END PT 

where 

Y = raster number - 1     . 

If (x,y) is the location of a pixel in the original image, then the location 

(x',y') of that pixel in the rotated image can be calculated from 

x' =  X • cos(ANGLE) + y • sin(ANGLE) I 

y' = -X • sin(ANGLE) + y • cos(ANGLE) .    | 

If I is the pixel number (I = 1 at the left edge of the screen) then x = I - 256. 
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^■. TABLE 2-1 

CORRESPONDENCE BETWEEN SATELLITE IMAGE INTENSITY 

RANGES AND LINE PRINTER DISPLAY CHARACTERS 

INTENSITY RANGE 

0-15 

16-31 

■■■^-■- 32-47 

48-63 

64-79 

80-95 

96-111 

112-127 

128-143 

^     144-159 

160-175 

-  176-191 

192-207 

208-223 

224-239 

240-255 

CHARACTER 

BLANK 

. (PERIOD) 

: (COLON) 

- (HYPHEN) 

+ 
* 

2 

5 

7 

g 

9 
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Likewise, if 3 is the raster number (3 = 1 at the top of the screen), then y = 256 - 

3.  The center of the screen is therefore at (x, y) = (o, o) and (I, 3) = (256, 256). 

The coordinates (x, y) of all the pixels in the original image are integers 

but the coordinates (x', y') of the pixels in the rotated image are, in general, not 

integers. A bilinear interpolation was therefore performed to assign the proper 

intensities to the integer pixel location of the new image. If x' of the new image 

falls between x. and x.^, of the original image, and if y' falls between y. and 

Yj+l'then 

I(x', y') = IQ + (II -IQ) Ax+(I2-IQ) Ay+ (13+ lQ-l2-Ii)AxAy ; 

where 

Io = I(x.,y.) 

, .^i = ^(^i.i'V: : 
l2 = ^^'yJH.P 

^3 = ^^+i'yj+P 

Ax = x' - X. 

Ay = y' - yj 

In practice, the (x', y') are kept integer and the corresponding (x, y) locations 

calculated, then the above interpolation equation is used to assign the proper 

intensity to the pixel at (x', y'). 

In order to minimize central memory (CM) requirements, the new image is 

built one raster at a time, bringing into CM only those portions of the original 

image that are necessary. The new image is packed, in ECS, in the same format 

as the original image. 

Upon completion of image rotation, switch 2 is tested. If it is ON then 

IMGPLOT is called again, this time to display the central portion of the rotated 

image. 
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Finally, the rotated Image is written to TAPE3 along with the same header 

and documentation as on the original image. The output tape has a format 

identical to that of input tape as it will be read by SPADS. 

In using 3TCROTATE, the user must take care to change the number of 

files skipped on each tape as well as use the proper VSN (volume serial number) 

for each tape, each time this job stream is executed. 

2.2.2 Program ITRPIMG 

The job stream listings, flow charts, and program and subroutine listings of 

ITRPIMG are given in Appendix C. This program replaces missing or garbled 

images by interpolating between "before" and "after" images. Since the "before" 

and "after" images generally have different orientations they must be rotated 

slightly relative to one another before the interpolation is done. The amount of 

rotation needed is determined by a cross-correlation calculation, in which the 

pixel intensities on a circle of arbitrary radius (input by the user) on one image 

are multiplied by the corresponding pixel intensities of the other image. The 

sum of these products is a measure of the degree of cross-correlation between 

the two images. By rotating these circles relative to each other and repeating 

the cross-correlation calculation for each relative orientation, the "best" orien- 

tation is determined by noting where the cross correlation is a maximum. This 

process is shown schematically in Figure 2-2. 1 
.   K I ■ . . 

■ft . 'l . 

The program starts by reading switch 1 and the input "card", which 

contains the user-supplied radius (13 format) of the circle used for the cross- 

correlation calculation. This radius, which is measured in the unit corresponding 

to the size of the pixel, must be positive and less than 255. The program verifies 

this, then reads in the "before" and "after" images with a call to the subroutine 

READIMG; the "before" image is read from TAPE3 and the "after" from TAPE^f. 

(In the job stream 3INTERPOLATE be sure the correct VSN is specified and that 

the proper files have been copied to TAPE3 and TAPE^f prior to executing 

ITRPRMG.) 
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Start with "before" and "after" 

images. User specifies radius of 

circle for cross-correlation. 

Image A Image B 

Determine intensities around cir- 

cumference of each cross-corre- 

lation circle, interpolating where 

necessary. The step size, A 9, 

corresponds to one pixel dia- 

meter. 

Calculate cross-correlation bet- 

ween I^ ( e) and Ig ( 9) 

i 

for various values of n A 9 and 

pick value of n giving highest S n • 

*•* Image A Image B 

c ■V 
*^ c /T\ 1           /■' \   ^   /\ ^ 

1 

0 

I       I       I 

-20      -10 0 

n 

360 

max 

I       I      I      I 

10 20 

4.       Calculate   interpolated   image  by 

A   9 

and image B by -'h ^^^^^  ^ 9 ^"^1 

rotating image A by /2 n^^^ 

mi 
averaging each pixel. 

Interpolated 

Image 

FIGURE 2-2;   INTERPOLATION PROCESS 
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The images are stored in ECS. The first word addresses (FWA) are stored in 

lECl and IEC2. lECl being the FWA's of the before image and IEC2 being the 

FWA's of  the after  image.    The  images are stored in the same format as in 
TCROTAT. 

v ■■ 

If switch 1 is ON, the central portions (128 x 128 pixels) of each image 

("before" and "after") are displayed, using the line printer, by a call to the 

subroutine PRT. This subroutine is almost identical to the subroutine IMGPLOT, 

which is associated with the program TCROTAT. 

The program then determines the number of pixels that would fit on the 

cross-correlation circle (this equals the circumference) and calculates the 

angular displacement, A6 > that corresponds to the width of one pixel at the 

distance r, the radius of the circle. The (x,y) coordinates of each pixel on the 

circle in steps of A9 are then determined and the corresponding pixel intensities 

found with a bilinear interpolation; this is done for both images. The cross- 

correlation of the resulting one-dimensional intensity arrays is then given by 

\=   PA^Qi^fe^Si^" AG) 

■ -M '   ■■ ■ 
where the subscripts A and B refer to the two images, i is the pixel number, and 

n is the measure of the amount one array is shifted relative to the other.   The 

maximum correlation corresponds to the largest S  .   To save computer time, the 

S    are first calculated from n = -25 to n = +25 in steps of   A n=5.   Then n    , the 
n '^ " m' 

value of n for the maximum S    from these coarse resolution calculations, is used 

as the mid-point of fine resolution (An=l) calculations of S    over the interval n 
n    ±5.    Then  n        ,  the  value  of n  for  the  greatest  S    within this  range,  is 

111 ' ' 10 A I I 

determined.   The needed rotation of one image relative to the other to achieve 

maximum correlation is then n„ . ! max 

The above mentioned bilinear interpolation is performed with a call to 

subroutine INTRP. The arguments passed to this subroutine by the calling 

program are IFILE, the number of the image file (1 for "before" or 2 for "after") 

and the pixel and raster numbers (x,y). The subroutine then reads from ECS the 

raster on either side of y and calculates the intensity at pixel location x with a 

bilinear interpolation; this intensity is returned to the calling program through 

the argument INT. 
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The cross-correlation calculation and determination of the n^or n^^^ is 

performed with a call to subroutine SUMSN, The arguments passed to this 

subroutine are NOPTS, the number of points (pixels) on the cross-correlation 

circle and NINC, the increment in n to use. The subroutine returns the 

argument NMAX, the value of n the corresponds to the maximum 5^ for this NINC. 

The program then rotates each image by half of the total required: the 

first image is rotated V2 n^^^ A 0 and the second -Vi n^^^ A0. The rotated 

images are then averaged, pixel by pixel, to generate the final image, which is 

written to ECS. These calculations are performed through a call to subroutine 

ROTAVG, which is passed the argument ANGLE {= K2 "max'^ ®^' 

Switch 1 is then tested again and if found to be ON, the central portion of 

the new image is displayed with the line printer with a call to subroutine PRT, 

described earlier. 

Finally, the new image is written to TAPE5 with a call to subroutine 

RITIMG. The header record is first output; it is generated as "IMAGE 

INTERPOLATED AFTER" followed by the first 15 characters taken from the 

header of the "before" image. The rasters are then read from ECS one at a time 

and output to TAPE5. Finally, the two documentation records from the "before" 

image are copied to TAPE5. This file is written to magnetic tape in the job 

stream following execution of the program. (Be sure the proper VSN is used and 

that the proper number of files have been skipped prior to copying TAPE5 to 

magnetic tape.) 
I 

2.3     Final Processing on SPADS 

After all of the rotated images have been generated and saved on tape at 

SPC, they are ready for display on the SPADS and transfer to videotape. The 

images are transferred to videotape in chronological order with a one second 

view time of each frame; on playback this gives the appearance of time-lapse 

photography. Both the original images (which are unrotated and not perfectly 

centered) and the new ones (those in the Lagrangian frame) have been saved on 

videotape.  In section 3 we discuss these results. 
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The hardware needed for this process is an RBG to NTSC color encoder. 

The Genisco display unit outputs digital red-blue-green (RBG) signals but since 

TV monitors and video tape recorders need to receive NTSC type signals, there is 

a need to convert the signals from one type to the other. ODSI personnel used 

the LENCO CCE-850 unit for this project. This unit is ODSI property, so the 

government will have to obtain its own LENCO unit if it wishes to repeat this 

process on another cyclone, or follow the alternative procedure outlined at the 

end of this section. 

A schematic diagram for the attachment of the LENCO unit to the Genisco 

image display processor is shown in Figure 2-3. As can be seen, the attachment 

is quite simple. Not shown in the figure is the optional attachment of a color TV ' 

monitor to the video tape recorder. Even though the use of the TV monitor is 

not absolutely necessary, it is advisable to use one during the recording session 

so that the color adjustments on the LENCO Unit can be optimized. 

One additional hardware modification is needed to complete this process. 

Since the Genisco image display controller normally outputs image frames at 

the rate of 40 per second, and the TV monitor and video recorder need an input 

rate of 30 frames per second, a serious synchronization problem arises. To 

correct this, the video output board in slot 3 of the PGP unit must be replaced 

with one that outputs the needed 30 frames per second. The proper board was 

obtained on loan from Genisco for the recording session. The high resolution 

RBG color monitor becomes useless when this change is made, as it needs input 

at a rate of 40 frames per second. This is one more reason for using a TV 

monitor during the recording session. 

The SPADS program 5DISPLAY was used for the recording session; any of a 

number of other routines could have been used, however. The procedure is to 

first load the entire sequence of images from tape onto disc. For the original 

images, this is accomplished with the LOAD command but for the new images 

the program ZEBFLS must be used. The videotape first is allowed to record 

several seconds of blank image. The tape is then stopped with the PAUSE 

button. Images are then brought to the screen in chronological sequence and a 

one-second recording of each image is made, again using the PAUSE button.   It is 
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important to use the PAUSE button instead of RECORD and STOP since in the 

latter case the tape motor has to come up to speed before recording can start, 

which causes blanks to occur in the sequence; this also makes it difficult to 

estimate the proper length of time to record. 

Following the sequence of original images, several seconds of blank image 

were recorded, followed by the sequence of new images in the Lagrangian frame. 

In using 5DISPLAY we chose to color slice in the temperature intervals 0 , -12 , 

-2^ , -36°, -k2> , -60° and -72°C. The government may wish to repeat the 

recording with another temperature set in order to emphasize different cloud 

features. 
■■ j 

An alternative procedure to using the LENCO unit is to photograph each 

image on the high resolution color monitor. Color slides can then be copied to 

videotape using the services of a commercial photography company such as 

FOTOMAT. (Last year they were offering this service at a rate of $9.00 per 100 

35mm slides). With this procedure, care must be taken to not disturb the camera 

when changing film. An advantage of this technique is that a label with the day 

and hour (such as IGNACI0296.18) could be affixed to the screen prior to 

photographing the image, thus providing a "clock" on the image. Also, titles 

could be inserted to introduce the sequence. A disadvantage is that film 

processors take little care in framing slides so that the images will probably not 

be properly centered. With custom processing, however, this may not be a 

problem. 
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3.0 DISCUSSION OF RESULTS _ - ^ 

The images of Hurricane Ignacio, as captured in sequence on videotape 

in both the original form and in Lagrangian coordinates, reveal a number of 

interesting meteorological features in cloud morphology and motions. Study 

of these sequences also reveals some problems that should be corrected in 

future work; these problems could not be corrected in this study due to time 

limitations, as explained below. 

3.1 Motions in the Eulerian Frame 

The Government, during work on another project, used program GIMAGE 

to subset the large sector image files of Hurricane Ignacio and produce approximately 

centered images of this storm that were saved on tape. The government also 

ran program TCIF (for another project) to determine more accurate locations 

of the storm centers. These images and centers were provided to ODSI as 

the basic data set for this contract. The storm track, based on these data, 

is shown in Figure 3-1; the gaps marked "M" denote missing or garbled images. 

These images have been transferred to videotape in chronological sequence, 

as described above. The resulting video sequence is somewhat "jumpy" since 

these images are not perfectly centered (something that is difficult to do with 

GIMAGE), but nevertheless the sequence shows some interesting features. 

The most obvious motion that can be seen in this first sequence is the 

counter-clockwise rotation of the central portion of the storm throughout its 

life. The central dense overcast (CDO) portion of the storm consists of convective 

clouds with great vertical development. Although motions within the CDO 

cannot be discerned with the temperature slicing used in this sequence, the 

motions along the edges of the CDO are obvious. Large convective cells are 

seen to form and dissolve at a distance of 100 to 200 miles from the storm 

center. These cells, which are sometimes larger than the CDO, move counter- 

clockwise about the CDO very slowly; at times they seem to compete with 

the CDO for becoming the new center of the cyclone. The outer spiral banded 

structure (OSBS) sometimes rotates about the CDO and at other times remains 

stationary. 
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HURRICANE IGNACIO,  1979 
. STORM TRACK 

20''N 

111 a 

10'N 
new lOS^W 100"»W gs^w 

LONGITUDE 

FIGURE 3-1:   THE STORM TRACK OF HURRICANE IGNACIO 

The  gaps   marked   M   indicate   missing  or garbled  images.     The  X's  mark  the 

position of the storm at the beginning of each day; the corresponding numbers 

indicate the day and hour, where the day number is counted from January 1, 

1979. 
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The size of the storm varied considerably during its life. At the start 

of the sequence the storm fills the entire screen; that is, it had a diameter 

of over 1000 miles; the CDO had a diameter of perhaps one-tenth this size. 

In the middle of the sequence the cyclone had shrunk to half of its original 

size and had a well-developed "bullseye" type central eye. Near the end of 

the sequence the storm had grown again and nearly attained its original size. 

During the period of its smaller size, the OSBS was very sharply defined but 

at the other times, it was more patchy. 

3.2     Motion in the Lagrangian Frame , 

Program ANGLEL was used to calculate the rotation angles needed to 

produce images in the Lagrangian frame. The results are given in Table 3- 

1 and shown in Figure 3-2. These angles were used as input data for program 

TCROTAT for producing the second sequence of images seen on the videotape. 

Samples of the images generated by TCROTAT are shown in Figures 3-3 

and 3-5.  A sample of the image interpolated between those two images is shown 

in Figure 3-^; the latter was generated with program ITRPIMG.  It was originally 

thought that the image of Ignacio for day 298, hour  12, (IGNACIO 298.12) was 

unavailable due to a bad sector scan number (that is why the interpolated image 

shown in Figure 3-4 was generated), but it was later discovered that IGNACIO 

298.12 was readable; it is showm in Figure 3-6.  The image in the figure has been 

rotated by hand when photocopying so that its orientation is the same as that of 

the interpolated image.    Comparison of Figures 3-4 and 3-6 shows that image 

generated by ITRPIMG  is  very  good  approximation  to  the  true  image,     the 

corresponding cross-corrrelation  function  is  shown in Figure  3-7; its peak is 

broad but smooth, and the maximum is well defined. 

These Lagrangian images show features not obviously in the first sequence. 

Perhaps the most notable is the tendency for the large, well developed convective 

cells to lie in the direction of motion of the storm, or somewhat to the right 

of this direction; another aspect of this observation is that these convective 

cells do not seem to rotate about the CDO, as they did in the first sequence. 

Early in the life of the storm rotation is absent in the Lagrangian frame. Later, 

however, a pronounced rotation does occur. Late in the storm a large convective 

cell forms in the OSBS; significantly, this cell also lies ahead of the CDO, 

that is, in the direction of motion of the storm. 

3-3 



TABLE 3-1: LAGRANGIAN ROTATION ANGLES 

TIME ANGLE LATITUDE   LONGITUDE 
DAY   HR TO   ROTATE 

296. 18 -112.71 12.15 -96 .24 
296.20 -109.42 1 1 . 97 -95.58 
296.22 -110.63 1 1 .87 -95.97 
297.00 -105.24 1 1 .80 -97 . 16 
297.02 -107.88 11.76 -97.31 
297.04 -111.26 1 1 . 70 -97.50 
297.06 -97.27 1 1 .52 -97 . 71 
297.08 -86.56 11.59 -97.95 
297. 10 -103.55 1 1 . 50 -98. 12 
297. 12 -85 . 14 11.55 -98. 33 
297.14 -73.28 11.57 -98.57 
297. 16 -66.94 1 1 .57 -98 .91 
297.20 -52.93 1 1 .82 -99.27 
297.22 -90.00 11.92 -99.47 
298.01 -90.00 U .92 -99.60 
298.02 -92.25 1 1 .92 -99.81 
298.04 -77.55 11.91 100.07 
298.06 -65.34 1 1 . 94 100.21 
298.08 -59.02 1 2 . 00 100.35 
298. 10 -59.04 12.12 100.67 
298. 14 -70.51 12.29 100.9 5 
298. 16 -52 . 17 12.40 101.28 
298. 18 -54.43 12.55 101.61 
298.20 -62.84 12.79 101.91 
298.22 -50.75 12.92 102.17 
2 9 9.00 -55.50 13.04 102.39 
299.02 -28.92 13.18 102.60 
299.04 -28.21 13. 69 102.89 
299.06 -39.71 14.15 103 . 15 
299.08 -31 .35 14.37 103.33 
299. 10 -55.79 14.54 103.50 
299. 12 -45.60 14.87 103.85 
299. 14 -52.54 15.08 104.08 
299. 16 -38.94 15.25 104.31 
299. 18 -51 .53 15.55 104.57 
299.20 -49. 10 15.59 104.82 
299.22 -65 . 19 15.84 105.00 
300.00 -72.66 15.96 105.27 
300.02 -51 . 17 16.05 105.57 
300.04 -56.72 16.22 105.79 
300.06 -39.80 16.39 106.06 
300.08 -51 .42 15.52 106.26 
300.10 -92.39 16.74 106.49 
300.12 -54.55 15.73 106.74 
300.14 -54 .23 16.92 107.02 
300.16 -120.55 17.04 107.28 
300.18 -126.73 15.87 •107.58 
300.20 -78.21 16.77 ■107.72 
300.22 -43.73 15. 78 -107.77 
301.01 -12 . 44 15.91 -107.90 
301.02 -35.01 17.04 -107.93 
301.04 -120.18 17.19 -108.04 
301.06 -20.37 17.14 -108.13 
301.08 25.79 17.32 -108.20 
301.10 -7.74 17.49 -108. 1 1 
301.12 .00 17.84 -108.16 
301.14 -130.06 17.95 -108 . 16 
301.IS 81 .05 17.83 -108 .31 
301.20 82.52 17.86 -108. 1 1 
30 1 .22 136.41 17.87 -108.03 
302.00 -96 .56 17.77 -107.93 
302.02 43.59 17.75 -108.02 
302.04 10.75 17.82 -107.96 
302.06 88.49 18.17 -107.89 
302.08 83 .33 18.18 -107.49 
302.10 111.85 18.21 -107.22 
302.12 108.38 18.13 -107.01 
302.14 105.19 18.07 -105.82 
302. 16 77 .52 17.99 -106.51 
302.18 32.32 18.03 -106.32 
302.20 87.59 18.08 -105.93 
302.22 92.08 18.09 -105.67 
303.00 108.37 18.08 -105.38 
303.02 96.97 17.95 -105.00 
303.04 102.25 17.91 -104.57 
303.05 102.26 17 . 85 
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FIGURE 3-2:  LAGRANGIAN ROTATION ANGLES FOR HURRICANE IGNACIO 
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NEM298.L0 

HGURE 3-3 

The image produced by TCROTAT from IGNACIO 298.10.    From Table 3-1 

we see that the rotation angle for this image was -59.04°' 
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FIGURE 3-4 

The  image  produced  by  ITRPIMG by interpolating between the "before" and 

"after" images shown in Figures 3-3 and 3-5. ' 
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NEW298.14 

FIGURE 3-5 

The  image produced  by  TCROTAT from  IGNACIO  298.1'f.     From  Table 3-1 

we see that the rotation angle for this image was -70.61 . 
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IGNfiCI0298.l2 

FIGURE 3-6 .. 

Image IGNACIO 298.12; the original image has been rotated during photocopy 

to give the same orientation as Figure 3-4, with which it should be compared. 
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Cross correlation of 

Ignacio 298.10 and Ignacio 298.14 

SN 

29545000 - 

29535000 

29525000 - 

29515000 - 

29505000 - 

-42  -40  -38  -36  -34  -32  -30  -28  -26 

N 

FIGURE 3-7; THE CROSS-CORRELATION FUNCTION, S , 
AS A FUNCTION OF THE NUMBER OF ANGULAR ^ 
STEPS, N, FOR THE IMAGES SHOWN IN FIGURES 3-3 
AND 3-5. 

The radius chosen for this calcuiation was 200 pixels. The peak 

occurs at N=-36, which corresponds to an angle of -10.32°; each 

image is thus rotated half this amount, or -5.16°, prior to pixel- 

by-pixel interpelation. 

3-10 



3.3     Recommendations for Future Work 

As interesting as the two sequences on videotape are, they do have a 

number of defects that should be corrected in future work. Below we list the 

most obvious shortcomings and suggest ways to overcome them. These defects 

were not corrected in the present contract because of time limitations. The 

biggest time problem is that of processing the images on SPC; usually not 

more than two or three images could be rotated in one day. 

3.3.1 Center Locating 
■   . i 

Errors in the placement of the storm centers can lead to serious errors 

in the calculated rotation angles for the images, especially when the storm 

is moving slowly. This can be seen in Figure 3-2; during days 300 and 301, 

especially, the calculated angles showed a lot of scatter. Consequently, many 

of the images in the second sequence on videotape are incorrect and actually 

confuse, rather than help, the study of the hurricane. 

Another problem caused by inaccurate centering is in the interpolation 

process to replace missing images. The cross-correlation technique is based 

on the assumption that consecutive images in the Lagrangian frame will differ 

more in orientation than in overall structure. If the centers are misplaced 

on these images, however, then the cross-correleation will probably not give 

an accurate value of the relative orientation; hence, the interpolated image 

will not be as good as it should be. 
i 

To determine accurate storm centers we recommend the following interative 
..■■ >'■    1 

procedure. 

1. Use program TCIF to establish the first-guess centers as was done 

for this project. 

2. Calculate both the velocity of the storm and the Lagrangian rotation 

angle for each image. This would require modifying program ANGLEL 

to include the velocity calculation. 
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3. Plot time sequences of both angle and velocity and then smooth. 

Hand smoothing would probably be accurate enough for these purposes, 

but if not a weighted 5 point or 7 point running average could be 

used. 

Use the smoothed values of angle and velocity to recompute the 

storm track, then calculating new values of latitude/longitude of 

the storm center for each image. Program TCIF could then be run 

again to see if these values are reasonable; if not, adjustments can 

be made to establish a better center location. 
1 

Repeat steps 2 through ^■ as many times as necessary to obtain a self- 

consistent set of angles and velocities that are acceptable to the user 

of program TCIF. Special attention should be paid to slow movement 

periods and to turning periods. A consistent rotation angle variation 

must be followed. 

With the  rotation  angles obtained  this  way  the  Lagrangian sequence of 

images would be more meaningful. 

3.3.2 Additional Screen Information 
.. 

When viewing the image sequences on videotape, it would be very useful 

to have additional information on the screen.  This would include: 

1; 
1. The day and hour of the image; 

2. The velocity of the storm; 

3. The Lagrangian rotation angle; 

4. The intensity (maximum  wind velocity) of the cyclone, as obtained 

from other sources.    *) i 

It would also be useful to run these sequences many times with different 

temperature slicing in order to emphasize different types of clouds and, in at 

least one sequence, to show the temperature structure of the underlying sea 

surface, where it is visible between the clouds. 
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This   would   require   the   development   of   new   interactive   software   for 

the input of labels and the setting of video lockup tables. 

3.3.3 Mercator Projection 

Hurricane Ignacio, as viewed from the GOES-West satellite, suffered some 

distortion in its images since it was located about 30 in longitude and 15 in 

latitude from the subsatellite point. Other hurricanes may suffer even more 

distortion. It would be useful to process the large sector image files with the 

program GOESMRC prior to processing with the programs discussed in this 

report so that geometrical distortions could be removed as well as possible. 

Fortunately, Tropical Cyclones are confined for the most part to tropical 

latitudes   and   so  the   distortion  inherent  in  the  mercator  projection  are  not 

serious. 
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APPENDIX A 

1. Flow chart for Program ANGLEL 

2. Listing of ANGLEL 

3. Flow chart for Subroutine CKIN 

tt. Listing of CKIN 
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FLOW CHART 
FOR PROGRAM ANGLEL 

V  ANGLEL  J 

ACCEPT 
TIME, 

LATITUDE, 
LONGITUDE 

NO 

CXIN 

CHECK INPUT 
VALIDITY 

STORE INPUT AND 
INCREMENT COUNTER 

NO 

CALCULATE: 
LATITUDE AND 
LONGITUDE 

DIFFERENCES 

CALCULATE 
ROTATION ANGLE 
FROM DIRECTION 
OF STORM MOTION 

PRINT TIME, 
DIRECTION, 

LATITUDE, AND 
LONGITUDE 

PRINT TIME, 
ROTATION ANGLE, 
LATITUDE, AND 
LONGITUDE OF 
FINAL POINT 

7^7 
( "° ) 
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C THIS PROGRAM CALCULATES THE ANGLE TO ROTATE A TROPICAL 
C CYCLONE IMAGE ACCORDING TO THE DIRECTION OF WHICH IT IS 
C MOVING. 
C 

r       ^^''xLAT XLON    - MAX. 160 CENTER LOCATIONS OF CYCLONE 
C (-9999. AFTER LAST POSITION) 
C TIME -  TIME OF POSITION OF CYCLONE 

C 
C       OUTPUT 
C THETA   -  MAX 160 ANGLES 
C TIME    -  TIME OF POSITION OF T.CYCLONE 

^        DIMENSION XLAT<160), XLON(160). THETA(160). TIME(160) 
LOGICAL OK 
TYPE "PROGRAM ANGLEL" 
TYPE "THIS PROGRAM CALCULATES THE ANGLE TO ROTOTE 
TYPE "A TROPICAL STORM." „ 
TYPE "ENTER TIME OF STORM (DAY.HR I.E. 299.02), 
TYPE "LATITUDE AND LONGITUDE POSITION AT THE PROMPT." 
TYPE "WHEN NO MORE DATA ENTER -9999. AT THE PROMPTS." ! 
LAST =0 
0 = 1 
RADIAN = 0.017453 

°° ^^ ^^ACCEPT -ENTER TIME: " .TI ME(J ) , "ENTER LATITUDE:",XLAT(0). 
S "ENTER LONGITIUDE:" ,XLON(J) , "<NL>" 

IF (XLAT(O).EQ.-9999.) GOTO 20 
CALL CKIN(TIME(0),XLAT(J),XLON(0),0K> 
IF ( .NOT.OK) GOTO 10 
J = J + 1 
LAST = LAST +1 

10      CONTINUE 

C CALCULATE THETA USING SLOPE BETWEEN POINTS 
C 

^^      IF (LAST.EQ.160 .AND. XLAT(LAST).NE .-9999 . ) LL-159 
IF (LAST.LE.160 .AND. XLAT(LAST).EQ.-9999.> LL=LAST-2 , 
IF (LAST.LE.160 .AND. XLAT(LAST ).NE .-9999 . ) LL = LAST-1 
DO 30 L = l ,LL I 

DLAT - XLAT(L+1) - XLAT(L) 
DLON = XL0N(L+1) - XLON(L) 
IF{DLAT.NE.0.) GO TO 22 
IF(DLON.GT.0.) THETA(L) = 90. 
IF(DLON.LT.0.) THETA(L) = -90. 
GO TO 32 

22 HL '   XLAT(L + 1 ) 
*" IF (XLAT(L).GT.XLAT(L+1 ) ) HL=XLAT(L) 

A = COS(HL«RADIAN) • DLON/DLAT 
THETARAD = ATAN(A) 
THETA(L) = THETARAD/RADIAN .-^....r^o 
IF (XLAT(LM).GT.XLAT(L)) GOTO 32   ;  STORM MOVE TOWARD EQUATOR 
IF(THETA(L) .GT.0. ) GO TO 25 
THETA(L) '   THETA(L) + 180. i 
GO TO 32 ! 

25 THETA(L) - THETA(L) - 180. 
32 PRINT 3, TIME(L). THETA(L). XLAT(L), XLON(L) 
20 CONTINUE 

LL = LL + 1 
THETA(LL) = THETA(LL-1) 
PRINT 3, TIME(LL), THETA{LL), XLAT(LL), XLON(LL) 
GOTO 100 

C 
C FORMATS 
2 FORMAT("1  TIME",T14,"ANGLE",T22,"LATITUDE",T31,"LONGITUDE"/ 

$ "  DAY HR ".T12,"T0 ROTATE"/) 
3 F0RMAT(1X.F7.2,3F10.2) 
C 
C ERROR EXIT 
C 
100     STOP 

END 
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FLOW CHART 
FOR SUBROUTINE CKIN 

'i^^i 

SET PRE7I00S TIME 
TO TIME 

~~r~ 
r    RETURN  ^ 

i ,1, 

A-4 



SUBROUTINE CKIN<TIME,XLAT,XLON,OK,FIRST) 
C THIS SUBROUTINE CHECKS THE VALIDITY OF THE INPUT DATA.       ,  f 
C 
C INPUT: 
C    TIME - TIME OF POSITION OF STORM 
C    XLAT, XLOM - LATITUDE, LONGITUDE POSITION OF STORM 
C ■■.■.'■', 

c 
STATIC LASTME/0.^/ » 
INTEGER TIME 
LOGICAL   OK 

C ..■>■." 

OK = .TRUE. 
GOTO   20 

Ijar IF    (LASTME.LT.TIME)   GOTO   20 
OK   =    .FALSE. 
TYPE "TIME INVALID, MUST BE LATER THAN PREVIOUS. TRY AGAIN" 

2«      IF (XLAT.GE.0. .AND. XLAT.LE.25.) GOTO 30 
OK = .FALSE. 
TYPE "INVALID LATITUDE MUST BE 0 TO 25..TRY AGAIN" 

30      IF (XLON.LE.-90. .AND. XLON.GE.- I 15. > GOTO 40 
OK = .FALSE. 
TYPE "LONGITUDE INVALID, MUST BE -90. TO -115, TRY AGAIN" 

10 IF (.NOT.OK) RETURN 
LASTME = TIME 
RETURN 
END 
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APPENDIX B 

1. Listing of job control stream, 3TCROTATE 

2. Flow chart for Program TCROTAT 

3. Listing of TCROTAT 

^. Flow chart for Subroutine IMGPLOT 

5. Listing of IMGPLOT 

6. Flow chart for Subroutine ROTATE 

7. Listing of ROTATE 
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JTCROTATE, ID=UL 

VNULR / T2000 ; HIU ; EC215 ; STSiPC / S6 . ^6 
RFE(O) 
F<£WIND (OUTPUT) 
ATTACH .' RGTAT / TCR0TA1BI fl.-1D-UI.. 
LIBRARYC^i-F-MHCLIKO 
MAP(OFF) 
R E Q11E S T (I N .. H D ^ L ; (^10 RIN G , V S U ^=71395) 
SKIPF (IN /11 /17 ; B)-^  
C0PYBF(IN;TAPE4) 
UNLOAD (IN) f'j 
REWIND (ROTAT) '1 
RFE(215) '' 
ONSWd) 
0NSW(2) ' 
ROTAT. - ''\ " 
RFE(()) ! 
REWIND(TAPE3) 
REGUEST (0LIT ; HD y L - R1N(3.- U3N^^713 93) 
S)haPF(0UT/8jl7.B) 
t::rjPYBF<TAPE3/0UT) 
RETURN(OUT) 
JfEOR 
222   269      --71. (S3 

SUE   UHRICH 

EOR 
EOF 

-VERIFY VSN 
VERIFY NUMBER OF FILES 
TO SKIP 

-VERIFY VSN 
VERIFY NUMBER OF FILES 
TO SKIP 

INPUT CARD 
In this case: 

ICNTR = 222 
3CNTR = 269 
ANGLE = -71.63^ 
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FLOW CHART 
FOR PROGRAM TCROTAT 

(         TCROTAT       j 

' r 

READ   SVJITCHES 

READ   INPUT 

(SPIRAL  CEK'TER   i 

ANGLZ) 

T 
READ IN   IMAGE 

FILE. STORE [N 

• ECS SO THAT 
SPIRAL  CENTER IS 

AT 256,256 

WRITE   ROTATED 
IMAGE  TO  A   NEW 

FILE 

IMGPLOT 

LIST GOT 
CENTRAL PORTION 

OF ORIGINAL IMAGE 

f       STOP     \"^—feooo) 

ROTATE 

ROTATE 
IMAGE 
BY THE 
INPUT 
ANGLE 

IMGPLOT 

YES LIST OUT 
CENTRAL  PORTION 

OF  ROTATED   IMAGE 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM, TCROTAT{INPUT-200B^OUTPUT-2 00B,TAPE3^0,TAPEA-0) 

THIS PRDGRAH PROCESSES SATELITF IMAGES THAT APE ON TAPE. 
THE IMAGE IS READ IN AND CENTERED IN THE TwiNDOWt ACCORDING TO 
THE INPUT SPIRAL CENTER.  THE CENTERED IMAGE IS THEN ROTATED 
ABOUT THIS CENTER.  LASTLY, THE CENTERED ROTATED IMAGE IS WRITTEN 
BACK TO TAPE. 

INPUT: 
IMAGE  -  A SATELITE IMAGE ON FILE, TAPE^* 
ICNTRfJCNTR - PIXEL,RASTER LOCATION OF SPIRAL CENTER OF STORM. 
ANGLE  -  ANGLE TO ROTATE IMAGE COUNTER-CLOCKWISE (DEGREES) 

OUTPUT: 
RIMAGE - AN INTEGER FILE CONTAINING THE CENTERED IMAGE 

PROCESSES: " 
READ IMAGE, ANGLE, AND CENTER LOCATION. 
CENTERS IMAGE TO 256,256 PIVEL AND RASTER LOCATION 
ROTATES IMAGE 
PRINT ORIGINAL AND/OR IMAGE ON LINE-PRINTER 

SWITCH SETTINGS: 
SWITCH 1  ON 
SWITCH 1 OFF 
SWITCH 2  ON 
SWITCH 2 OFF 

PRINT OUT ORIGINAL IMAGE 
NO PRINT OUT 
PRINT OUT ROTATED IMAGE 
DONtT PRINT ROTATED IMAGE 

INPUT FORMAT 
COLUMNS 
1-3 
5-7 
9-15 

PARAMETER 
X-VALUE OF CENTER, LEFT-MOST POINT IS 1 
Y-VALUE OF CENTER, TOP-MOST POINT IS 1 
ANGLE TO ROTATE IMAGE (DEGREES, F7.2) 

CONTAINS THE FIRST WORD ADDRESSES (FWA) OF EACH RECORD IN THE 
IMAGE FILES, WHICH ARE STORED IN EXTENDED CORE STORAGE. 

lECl - THE INPUT ORIGINAL IMAGE 
IEC2 - THE ROTATED IMAGE DATA (NO HEADER OR DOCUMENATION) 

INTEGER BLOCK(IOO), HEADER(69)       .f... 
INTEGER IRASTER(512)       ^ .-,.c» 
COMMON /ECBLK/ IEC1(515), IEC2(512) 

 INITIALIZE AND READ SWITCH SETTINGS 

CALL SSWTCHd, ISWl ) 
CALL SSWTCH(2,ISW2) 

C 
C READ INPUT AND CHECK VALIDITY 
C 

111 
100 

333 

150 

175 

200 
^44 

READ 111,ICNTR,JCNTR,ANGLE 
IF (E0F(5LINPUT)) 9000,100 
F0RMAT(13,IX,I3,1X,F7.2) 
IF (ICNTR.GT,150 .AND. ICNTR 
PRINT 333,ICNTR,JCNTP,ANGLE 
FORMAT(* ERROR IN INPUTi*/ 

1  5X,*CENTEP« ♦,13,*,*,13,5X 
GOTO 9000 ^ ^„ 
IF (JCNTR.GT.150 .AND. JCNTR 
PRINT 333,ICNTR,JCNTR,ANGLE 
GOTO 9000 
IF (ANGLE.LE.180.0 .AND. ANGLE 
PRINT 333,ICNTR,JCNTR,ANGLE 
PPINT A^^, ICNTR,JCNTR*ANGLE 
F0RHAT(*1INPUT DATA CARD:*/  ^ 

♦     CENTER LOCATED AT 

LT.362) GOTO 150 

♦ANGLE'*,F7.2) 

LT.362) GOTO 175 

GE.-180.0) GOTO 200 

,13,*,*,13/ 
ANGLE TO ROTATE IS*,F7.2,* DEGREES*) 

C 
c 
C 
C 
C 
C 
c 

IS PEAD IMAGE FROM TAPE, CENTERING IMAGE AS READ IN.  THE IMAGE 
515 RECORD BLOCKS LONG, AND EACH RECORD IS 256 16-BIT WORDS.^ 
THE HEADER RECORD IS READ FIRST AND STORED LAST.  THE DATA IS 
RECORDS 2 TO 513 AND IS STORED IN RASTER 1 TO 512.  THE DOCUMFNATIC 
RECORDS ARE ON 51A AND 515 AND ARE STORED AFTER THE DATA RECORDS. 

ON 
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c 
c 
c 
c 

c 
c 
c 

ID = ?56-ICNTR 
JD = 2 56-JCNTR+l 
IBYT - IABS(ID)+1 
ILOC=0 

IF JD 
IF ID 
FIRST 

C 
I 
I 
I 
D 

10 

12 
READ 
15 R 

20 

25 

30 
40 
45 
50 C 

G 
ERROR 
110 P 

G 

POSI 
POSI 
ZERO 

ALL Z 
F ( JD 
F ( JD 
ST - 
0 2 I 
lECl 
CALL 

OTO 1 
ED = 
C 12 
lECl 
CALL 

IN IM 
E W I N D 
UFFER 
F (UN 
EC1(5 
ALL W 
0 50 
CALL 
BUFF 
IF ( 
IF ( 
IF { 
ILOC 
IF { 
lECl 
IF ( 
IF { 
IF ( 
CALL 
CALL 
GOTO 
lECl 
CALL 
JD * 

ONTIN 
OTO 9 
EXIT 

RINT 
OTO 1 

TIVE   fiOV 
TIVE    MOV 
OUT OF 

ILCH(BLO 
.GT.l ) G 
.EO.l ) G 
512+JD 
»IST,512 
(I)-69+( 
WRITEC( 

5 
JD-1   $ 
I"1»IED 
( I ) =69*( 
WRITEC( 

AGE 

IN (4^1 
IT (4) ) 2 
15)=69+5 
RITEC(HE 
N-2,515 
ZILCH(B 

ER IN (4 
UNIT(4) ) 
N,GT.513 
JD.LT.l ) 
- ILOC+ 

ILOC.GE. 
(ILOC) " 
ID.EO.O) 
ID.LT.O) 
ID.GT.O) 
WRITEC( 
ZILCHd 
45 

(N-1) « 
WRITEC( 
JD + 1 

UE 
00 

777 
0000 

E IMAGE DOWN, IF NEGATIVE MOVE UP 
E IMAGE RIGHT, IF NEGATIVE MOVE LEFT 
RANGE RASTERS 
CK,,100) 
OTO 10 
OTO 15 

I-l) 
BLOCK, lECK I ), 69) 

ILOC-JD-1 

I-l) 
BLOCK,lECl(I),69) 

) (HEADER(1),HEADER(69) ) 
0,110,110 
14 
ADER,IEC1(515),69) 

LOCK,100) 
,1) (BLOCKd ), BLDCK(69) ) 
25,110,110 

) GOTO 30 
GOTO 45 

1 
513) GOTO 50 
69*(ILOC-1) 
GOTO 40 
CALL BRPK(BLQCK,8, 
CALL BRPK(BLOCK,8, 

IRASTER,lECl(ILOC),69) 
RASTER,100) 

IBYT,IRASTER,8,1,512) 
1, IRASTER,8, IBYT,512) 

69*(N-2) 
BLOCK, IEC1(N-1),69) 

FORMATS 

555 
777 

FORMAT{* 
FORMAT(♦ 

ERROR — 
ERROR — 

- PARITY, 
- EOF*) 

CONTINUING EXECUTION*) 

C 
c 
C PLOT IMAGE IF SWITCHES 1 AND/OR 2 IS ON, ROTATE IMAGE 
C 

900 IF (ISWl.EO.l) CALL IMGPLOT(l) 
CALL ROTATE(ANGLE ),RETURNS(9000) 
IF {ISH2.E0.1) CALL IMGPL0T{2) 

WRITE ROTATED IMAGE BACK TO TAPE. (IN FORMAT READIBLE BY D.G.) 

 WRITE HEADER BLOCK TO TAPE3 

N = 1 
CALL READEC(HEADER,IEC1(515),69) 
BUFFER OUT (3,1) (HEADER(1),HEADER(69) ) 
IF (UNIT(3)) 2020,2110,2110 

 WRITE DATA, 512 BLOCKS LONG. 
2020 DO 2030 N=2,513 

LOC - N-1 
CALL READEC(BL0CK,IEC2(L0C),69) 
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2030 
C 
C • 

20^0 

BUFFER OUT (3^1) (BLOCK(1),BLOCK(69 ) ) 
IF (UNIT(3)) 2030»2110,2110 

CONTINUE 

-WPITE DOCUMENTATION BLOCKS FROM ORIGINAL IMAGE 
DO 20^0 N=51A,515 

LOC ■ N-1 
CALL READEC(BL0CK,IEC1(L0C)*69) 
BUFFER OUT (3»1) (BLOCK(1),BLOCK{69 ) ) 
IF (UNIT{3)) 20^0,2110*2110 

CONTINUE 
ENDFILE 3 
GOTO 10000 

I" 

G 
C  -ERROR EXIT 
C 
2110 
999 

PRINT 999,N 
FORMAT(* ERROR - PARITY 

"   ,15) 
OR EOF IN WRITING TAPE - NO. BLOCKS** 

$       * READ 
9000 PRINT 9999 ^ ^,«..^» 
9999 FORMAT(* ERROR, STOPPING EXECUTION*) 

10000 CONTINUE 
STOP •-!'■■■       . . . ■ ■■ ■' f r-- 
END 

f" 
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FLOVJ CHART 
FOR SUBROUTINE IMGPLOT 

IMGPLGT 

I 
PRINT LEGEND 

PRINT TITLE 

READ INTO CM 
ALL 128 RASTERS 

FOR EACH RASTER 
UNPACK DATA 
SELECT PRINT 
CHARACTERS 
PRINT RASTER 

RETURN 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
G 
e 
c 
c 
c 
c 

SUBROUTINE I PGPLOT (ITYP) l! 

THIS SUBROUTINE PLOTS THE IMAGE ON THE LINE-PPINTER 

INPUT: 
IMAGE 

ECBLK 

ITYP 

AN INTEGER FILE CONTAINING THE INTENSITY VALUE OF 
EACH PIXEL. 
COMMON AREA WITH FWA OF IMAGE RASTERS 
lECl - ORIGINAL IMAGE 
IEC2 - ROTATED IMAGE 
1 - ORIGINAL IMAGE ' ' 
2 - ROTATED IMAGE i ; 

OUTPUT: 
A 128X128 LINE-PRINTER PLOT OF CENTRAL PORTION OF IMAGE 

DIMENSION IMAGE(128), ICHARdfe), ITYPE(2) 
INTEGER RA5TFR(128), BL0CK(8832) 
COMMON /ECBLK/ IEC1{515), IEC2(512) 
DATA ICHAR/IH ,IH. , IHi»1H-,1H + ,1H*,IHl,1H2, 

$ 1H3,1H^,1H5,1H6,1H7,1H8,1H9,1H=/ 
DATA ITYPE/IOH ORIGINAL ^ICH ROTATED  / 

C 
C 
C PRINT TITLE AND LEGEND i 
C 

PRINT 111, 
111 FORMATdHO, 

1 
2 
3 
I* 
5 
6 
PRINT 

222 FORMAT 
1 
2 
3 
INTl • 
IMT2 « 
DO 700 

PRINT 
INTl 
INT2 

ITYPE(ITYP) 
/ 

1H/,12X,1H^/ 
2H*    ,A10,2H rt/ 
l^H^ IMAGE PLOT // 
IHit, 12X,1H// 

IJ 

59X, 
59X, 
59X, 
59X, 
59X, 
59X, 

2 22 
(IHO/ 
53X,tLEGEND:+// 
53X,♦INTENSITY 
53X,*  

0 
15 
I»l,16 
3 33, INTl, 

» INTl + 16 
INT2 + 16 

CHARACTER*/ 
 */) 

INT2, ICHAR(T) 

700 CONTINUE 
333 FORMAT(53X,IA,*-*,I^,8X, Al)        [ 

C 
C ITYP '   1, ORIGINAL IMAGE      ITYP 
C 

LW « -68 
PRINT 666, ITYPE(ITYP) 

666 F0PMAT(1H1,*FILE 0F*,Al0,♦LTSTED* ) 
IF (ITYP.EQ.l) IEC«IEC1(193) 
IF {ITYP.E0.2) IEC-IEC2(193)        i 
CALL READEC(BLOCK, IEC,8832) j 
DO 1100 J»1,12B t 

LW * LW +69 
C UNPACK 128 PIXELS IN A RASTER STARTING 

CALL BRPK{BL0CK(LW),8,193,IMAGE,60, 
K = 0 
DO 1000 I«l,128 I 

K « K + 1 {■ 
INT » IMAGE{ I) I I, 
INT - INT/16 +1 ' ^ 
IF (INT.LT.l .OR. INT.GT, 
IF (INT.LT.l .OR. INT.GT 

2, ROTATED IMAGE 

WITH THE 
1,128) 

193RD PIXEL 

1000 

1100 
777 
888 

(K) ICHAR(INT) RASTER 
CONTINUE 
PRINT 777, 

CONTINUE 
FORMATCIH ,128(A1) ) 
FORMAT(* ERROR, INT-*,15) 

16) 
16) 

PRINT 
INT = 

888, 
16 

INT 

(RASTER(L),L=1,128) 

C 
C ALL DONE 
C 

RETURN 
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FLOW CHART 

FOR  SUBROUTINE  ROTATE 

10 

f      aOTATE j 

T 
GIVEN   AMGLE 

INITIALIZE: 
RADIUS SQUARED 
SINE (ANGLE) 
COSINE (ANGLE) 

T- 
_L 

DO = J=l,512 
(J = NEW RASTER f) 

CAIi ZILCH 
TO ZERO 

ARRAY R 

CALCULATE YOLD: 

POSITION OF RASTER 
MEASURED ROOM 
IMAGE CENTER 

T 
CALCULATE ECS 
ADDRESS OF NEW 
RASTER  (J) 

I 
CALCULATE 
11 - START OF 
PIXELS ON CIRCLES 
12 - END POINT 

WRITE R TO ECS 
(A ZERO ARRAY) 

DO I - 11,12 

I 
-o 

CALCULATE 
X'Y' (POSITION ON 

ROTATED GRID) 

T 
READ IN TWO RASTERS 
INTERPOLATE TO XJY' 
STORE INTENSITY IN 

R(I) 

I = I -I- 1 

REPACK RASTERS 
TO 3 BITS/PIXEL 
WHITE TO ECS 
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c 
c 
c 
c 
c 
i 
c 
c 
c 
c 
c 
c 

SUBROUTINE ROTATE(ANGLE)»PETURNS(XXX) 

THIS PROGRAM ROTATES THE IMAGE OF SIZE (M X 
BY A GIVEN ANGLE (WHERE -180.1<ANGLE<180.1) 

N) ABOUT THE CENTER 

INPUTi 
IMAGE » IMAGE ON MASS STORAGE FILE, TAPEl. 
ANGLE = THE ANGLE TO ROTATE THE IMAGE (COUNTERCLOCKWISE) 
ECBLK » COMMON BLOCK CONTAINING FWA OF EACH RASTER IN E.C.S 

OUTPUT: 
RIMAGE ROTATED IMAGE ON MASS STORAGE FILE, TAPE2. 

INTEGER IMAGEdOZ'*), RIMAGE(69), RASTER(138) 
INTEGER R(512) 
COMMON /ECBLK/ IEC1(515), IEC2(512) 

C 
C ROTATE AXIS ABOUT CENTER(255,,255.) 
C 

IF (ANGLE.EQ.0.0) RETURN 
PDRD = 255.0 * 255.0 
APAD = ANGLE ♦ 0.01745329 
SINANG •= SIN(ARAD) 
COSANG - COS{ARAD) 
DO 200 J«l,512 

CALL ZILCH(R,512) 
IEC2(J)=69*(514+J) 

. Y = J-1 
  YOLD « 255.-Y 

XXX 

100 

125 

X2X2 =• RDPD - ( 
IF (X2X2.LT.0.) 
X2 = SQRT(X2X2) 
12 - X2 + 1.0 
II « 511.5 - X2 
IF (I2.GT.I1) GOTO 
CALL WRITEC(R#IEC2( 
GOTO 200 
DO 150 I'=I1,I2 

- XOLD - 1-256 

YOLD)*(YOLD) 
GOTO 100 
+ 255. 

125 
J ),69) 

c 
C CALCULATE NEW POINT XPRIME, YPRIME 
C 

C 
C- 

XPRIME •= (XOLD+COSANG) 
YPRIME = (YOLD*COSANG) 
IX « X » XPRIME + 255. 
lY = Y « 255. - YPRIME 
IF (IX.LT.l .OR. IX.GE 
IF (lY.LT.l .OR. lY.GE 

(YOLD+SINANG) 
(XOLD*SINANG) 

512) 
512) 

GOTO 150 
GOTO 150 

 INTERPOLATE 
CALL 
CALL 
CALL 
PO « 
PI - 
P2 = 
P3 = 
OX * 
DY « 
PINT 

INTENSITIES '' 
READEC(RASTER,IEC1{IY),138) 
BRPK(RASTER,8,1,IMAGE,60,1,512) 
BRPK{RASTER(70) 
IMAGE(IX) 
IMAGE(iy+l) 
IMA6E(IX+512) 
IMAGE( IX+513) k. 
X - FLOAT(IX) 
Y - FLOAT(IY) 
« (P1-P0)*DX + 

(P3+P0-P2-P1)*DX*DY 
- RINT+.5 

8,1,IMAGE(513),60,1,512) 

) 

(P2-P0)*DY 
_  _  + 

R( I) 
150    CONTINUE 

CALL BRPK(R,60,1,RIMAGE,8,1,512 
CALL WRITEC(RIMAGE,IEC2(J),69) 

200 CONTINUE 
RETURN .|i 
END 

B-10 

+ 
PO 



APPENDIX C 

1. Listing of job control stream, 3INTERPOLATE 

2. Flow chart for Program ITRPIMG 

3. Listing of ITRPIMG 

t^. Flow chart for Subroutine READIMG 

5. Listing of READIMG 

6. Flow chart for Subroutine SUMSN 

7. Listing of SUMSN 

8. Flow chart for Subroutine ROTAVG 

9. Listing of ROTAVG 

10. Flow chart for Subroutine INTRP 

11. Listing of INTRP 

12. Flow chart for Subroutine PRT 

13. Listing of PRT 

14. Flow chart for Subroutine RITIMG 

15. Listing of RITIMG 
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\:l 

JINTERPOLATE, ID = UL 

u 
VNULI j T4000J ECSBO:- HDl J J STSFM::, S6. 46 
RFEi-U. 
REWIHruDUTPUT I 
PEWIMDiOUTPUT. 
ftTTftCHj ITRPi. INTERPnLRTEBIM? ID=UL. 
LIBRflRY"♦FHWCLIB. 
MflPjDFF. 
REQUEST? TH.VSH=?1396!.KD?L>hnRIIi6.- 
SKIPF? IMT13? 17!>B. -^  
CDPYBF:- IM^TRPES. |; 
CDPVBF:. IH.TflPE4. ' ■ 
REWIMDTTRPE3TTRPE4. 

UHLaRD!. Ili. 
DHWSii.--^ ^ ~"  
PFE 1.32 0. 
iTPP. f..,; 
PFEr. U. i 
RETURMi- ITRP. ' 
PEI...IIHDJTRPE5. 
REQUEST,OUT» VSH=71397,HD J L»RIMb. 
SKIPFJDUT.J.!. 17JB.-^ ■  
CDPYBF JTRPESJ OUT. !' 
RETURMi.nUT. • i 
EXITiiS. 
♦^EDR •  '! 
150"^ ■ ~  
♦EDR 
♦EDF !■ 

.'ERIFY VSM 
■'ERIFY NUMBER DF FILES TO SKIP 

PRIMT 

VERIFY VSti 
VERIFY MUMBER DF FILES TD SKIP 

IMPIIT   CflRIi;   RRDIUS   DF   CRDSS- 
CDRRELRTIDM CIRCLE 

I-:, 
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FLOW CHART 
"OR PROGRAM ITRPIMG 

ITRPIMG 

READ SWITCH 1 

R£AD AND 
VERIFY INPOT 
(RADIUS OF 

CROSS-CORRELATION 
CIRCLE) 

STOP 

READIMG 

READ IN 
"BEFORE" AND 

"AFTER" IMAGES 

PRT 

PRINT CENTRAL 
PORTION OF 

IMAGES 

NO 

NO 

C-3 

CALCULATE: 
NUMBER PIXELS ON 
CIRCLE AND i 8 , 

THE ANGULAR 
SPACING BETWEEN 

PIXELS 

CALCULATE 9 
CONVERT R, 3 TO 

TO CX,Y) 

SET 
IMAGE 1 

I 
INTRP 

INTERPOLATE TO 
FIND INTENSITY 

AT X,Y 

I 
INCREMENT 

IMAGE COUNTER 
(1 = 1 + 1) 

YES 



ITRPIMG 

INITIALIZE 
AN = 5 

N   =0 
meUC 

SUMSN 

FIND MAXIMUM 
CROSS-CORRELATION 

SET N   TO MAXIMUM 
max 

CHANGE INCREMENT 
AN = 1 

SUMSN 

FIND MAXIMUM 
CROSS-CORRELATION 

CALCULATE 
ROTATION 
ANGLE 

ROTAVG 

ROTATE AND 
AVERAGE IMAGES 

TO GET 
NEW IMAGE 

RITIMG 

WRITE NEW 
IMAGE TO 
TAPE 

STOP 

C-4 

YES 

PRT 

PRINT 
CENTRAL 

PORTION OF 
NEW IMAGE 



PRDGRW   ITRPI!1G<:iliPUT=200B!.DUTPUT=2eiOBi.TflPE3=n, TflPE4=i:ii. TflPE5=rj;' 
r. 
C THIS PRDGRPIH CPERTES OH IWftGE:- WHICH IS IhTERPDLRTEn FRDM "rWD 
r SRTILLITE IMftGES RERD FRDH TRPE.  FROM ft RRDIUS QF RH RMMULUS 
r: RERD Ili. CROSS CDRRELRTIDN IS PERFDRrtED TD DETERMINE THE DPTIMUM 
C RMGLE TD RDTRTE THE IWRGES IHPUT TQ CRERTE THE NEI.I IMRGE. 
r 
C IMPUT WILL BE TWD IMRGES;. RMD THE RRDIUS SPECIFIED ON THE IMPUT CRRlJ. 
r 
C DUTPUT: WILL BE THE INTERPDLRTED IMRGE RND RHY CRLCULRTIDMS riRDE 
C DURING THE RUM QF THIS PRDGRRM. 
r. 
r: SWITCH 1 DM: PRINT OUT BEFORE RND RFTER IMRGE. RND RLSO 
C PRINT CENTRRL PORTION OF INTERPDLRTED IMRGE a£yXl£8;'. 
C 

COMMON  .■•■ECBLK.--      lEClC^l?:-.    IEC2 ■:;515::'J    lECSCSl^) 
COMMON   .■•■INTENS--   IMGl a6fi£:> .    IMG£<1602> 

C      ■ 
CRLL  SSWTCna. ISl:' ,. , 
PRINT   1 

1 FDRMRTaHri'Tc'5ja9H*' PRDGRRM   INTERPOLRTE ♦•■•■■■•■ 
f     IX^Tlli-SOHTHIS PRDGRRM WILL INTERPOLRTE RN IMRGE BETWEEN TWO 
1       ,3H  OTHERS,.-•■::■ 

C ,-■•■ 
C RERD INPUT RND VERIFY t 

RERD 2,IRRDIUS 
2 F0RMRT<I3> 

PRINT 3,    IRRDIUS 
3 FDRMRTaHOj*RRDIUS EQURLS ^^IS) 

IF -^IRRDIUS.GE. 1 .RND. IRRDIUS. LE. £55> GOTO £5 
PRINT 4 

4 FDRMRTaHni.50HRRDIUS MUST BE GRERTER THRN ZERO RND LESS THRN £55.- 
.     +       IH ,£1HPRDGRRM STOPPING NOW.,:- 

GOTO 90 
C 
C  RERD IN IMRGES RND PRINT IF SWITCH 1 IS ON 

£5 CRLL RERDIMG'RETURNS(90> 
IF aSl.EQ.£.:' GOTO 30 
CRLL PRTa> 
CRLL PRT<£> 

C 
CONVERT X.Y LOCRTIDNS DN CIRCLE TO PJTHETR CODRDINRTES. 
CDPRESPDNDING INTENSITIES RRE STORED IN THE COMMON BLOCK- INTEN:; 

3 0 RRD = IRRDIUS 
DTHETR = l.-RRD 
NDPTS = £. ♦- 3.14159265 ♦• RRD 
PRINT 5i. NDPTS/ 

5 FORMRT OONUMBER OF POINTS ON CIRCLE TD CONVERT =♦•:. 15: 
DO 40 1 = 1;. NDPTS 

THETR = <I-1>♦DTHETR 
X = RRil ♦ C0S':;THETR> + £55.0 
Y = £55.0 - <;RRD ♦^ SINf:THETR>::- 

C-5 



r; STORE IrtTEMSITY IH RRRftY BY I EQURL THETft STEP SIZE 
C 1 URGE 1 

CRLL   INTRPajX'Yj IMT> •'' . 
IMbl a>=IMT   . f' 

C IflRGE   2 
CALL   l!iTRP<:2jXi.Yj IMT) 
IMG£a::'=IMT     - \ 

40   CDMTIHUE .,     .;. . ^^ 
r .     ■ ■ I'     ■ ' ■ ..-..,■ 
C CRLCULRTE CRDSS-CDRRELRTinii, DOME IM TWO STEPS. 
C     NIHC = IliCREWENT OF STEP SIZE 
C     MMR;-; = VRLUE DF H? RT MRX CDRRELRTinii 

■c    . .      .   ..    -.rr- ■ NMRX = U . :S\, 
hlMC = 5      -  ■ ■ ■  T^il. .  .•-■    . . , ,- |: . ::,/ . ^ ., ^'r ;. 

CRLL   SUMSM<:mPTSi.HIHC:jMMPX> , '       , 
HltiC   =1 
CRLL SUMSH<;MnPTS.MmCjNt1ftX> 

-COMPUTE RHGLE RMD RDTRTE IURGES 
RMGLE = liMRX ♦ DTHETR.-2. 
R = RNGLE^-. 0174532? If-, 
PRIHT B"    RMGLE:. fl 

3 FORMRT OOHDW RDTRTIHG I URGE R BY ♦JF?.4:.* RRDIRMS QR ♦I-F? 

$       *■  DEGREES*^> 
IF <RHGLE.EQ.0.> GDTD 90 
CRLL RDTRVG(RHGLE> 
IF aSl.EQ.l;' CRLL PRT<:3.J 

C WRITE HEW IHRGE TD TRPE 
CRLL RITIMG 

90    CDHTIHUE 
100 STOP 

EHD 

C 
C— 

>. 
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FLOW CHART 
FOR SUBROUTINE READIMG 

READIMG 

I 
REWIND FILES 

AND INITIALIZE 

READ IN 
HEADER RECORD 
STORE IN ECS 

i , 
BRPK 

REPACK EACH 
8 BITS INTO 

12 BITS 

ASCIDPC 

CONVERT FROM 
ASCII TO 

DISPLAY CODE 

 1 
PRINT HEADER 

CALCULATE 
FIRST WORD 
ADDRESS TO 
STORE RASTER 

READ IN 
RASTER 

STORE IN ECS 
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M       . 
C THIS SUBRDUTIME REftDS IM TWO IMftGE FILES. THE BEFORE IWRGE IS DM 
C TftPE3  ftHD  THE  ftFTES   rWI6E   IS   DH  TftPE4. 
C 
C FDRKflT   DF   EftCH   IPtftSE   FILE    CRECDRD  =   £56   16-BIT   WDRDS> r 
C RECORD  NO. CDMTEHTS 
0 :.-,■-     1 ■,■■-'-     HERDER 
C 2-513 ':   '       DftJR /;■■•■■■'< ::„,^./..   -: . 
C 514-515 DDCUWEhtfVriDM      ■ 
C ■   ':   ■    ■      '   "■'  /. 
C FORWflT OF OUTPUT FILES <RECDRD=69 WDRDS^ >: 
C    RECORD m.      COMTEMTS 
C      1-512 DfiTfl <512 8-BIT PIXELS PER RECORD) 
C    513-514 DOCUWENTRTIOH -::UHCHRNGED> 
C    515 HERDER OjnCHRNGED RECORD F0Rf1RT> 
C 

DIMEt+SIOM   IltRGECS'?)!. IHERDERaGO) jIWKa60> 
CDWHOM   ••■ECBLK.---   IECa030>!.    lEC3<5ia> 

C - ■       .-:■/■-■ 
C RERD TWO IWRGE FILES , . . 

REWIND 4 ■■■        ' .  r- ■ ■ '      r-... 
REWIND 3 
NW=1   »   IFILE=3 

- 5 N=i ::'' 
STORE HERDER RECORD LRST 

BUFFER   IN   <IFILE» 1 >    <IURGE (1 > j IWRGE <:69> > 
IF    ■rUNIT<IFILE>>    10;. 1105 no 

10   IEC<Nt?H-514>   =   69*"!:Nl.d-»-513> 
CRLL   WRITEC<INRGE»IEC(N<j!l+514> 5 69> 
CRLL   BRPK<INRGEi.8!.l!.IHERDER!.12i.l!.80> 
CRLL   RSCIDPCaHERDERj le^IWKi. 165LDPCJIERR.> 

IF   aERR.EQ.l>   PRINT   111 ? LDPC 
PRINT  2221. aWK(:L>5L=ljLDPC> ■ 
DO   100  N=2i.515 

iEcmw;j=69*<Ny-i> 
BUFFER IN CIFILE 5 1 > (I URGE < 1 > ;. INRGE (69> : 
IF -rUNITaFILE);' 50!.110!.110 

- - -STORE DRTR RND DDCUNEWTRTIDN RECORDS 
50   CRLL WRITECaWRGE»IEC<NW>»69> 

NW=NW-^1 - I ( 
100 CONTINUE IK 

IFILE=IFILE-H 
NW=NW+1 
IF <;IFILE.EQ.4> GOTO 5 
RETURN 

^ 
c- . _ . -ERROR EXIT 
G 

110 PRINT 333f If^?' 
RETURN XXX 

C 
c- - - - -FDRNRTS 
c 

111 FORWRT«> ERROR 
222 FDIWP^T<* I NRGE 
333 FORURT f> ERROR 

+       ♦ FILE 1 
END 

IN RSCII TO DISPLRY CODE CONVERSION, LDPC =*i.I6> 
FILE HERDER IS ♦'5 8R10> 
— PRRITY OR EOF IN RERDING — STOPPING EXECUTION^ 

NUMBER*^ I2T*-  NUMBER OF BLOCKS RERD*-? I5> 
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FLOW CHART 
TOR SUBROUTINE SOMSN 

3UMSN 

I 
INITIALIZE 
VARIABLES 

CALCULATE 
INTERVAL 

OVER WHICH 
TO CALCULATE 

CROSS-CORRELATION 

CALCULATE 
CROSS-CORRELATION 

AND PRINT 

NO 

YES 

PRINT 
RESULTS 

T 
(   RETURN   ) 

YES 

STORE 
CORRELATION 

AND 
CORRESPONDING 
VALUE OF N 

J 
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SUBROUTINE   SUWSIt<:r«PTSjmNC»MinHX.> 

C   THIS   SUBieCUTINE   CftLCULRTES   THE  CRDSS-CDRRELftTIDH;.   S<m^   WHICH   IS 
C    aHE   Sim  OF)    I«&I<I> ^TIinES   IM62"::i*«>   FDR  »  EQUftL   TD   +/-   fllMC*^. 

c 
r:   IMPUT:   HmCi>    IPtCREIIENT  DF  PIXELS 
C        HMftX^ ZERO OR THE MIMC WHICH &HVE THE LHR6EST CDRRELHTIDM 
C HOPTS,   HtlWBEP  DF   POIttTS   IM  ERCH  CDHVERTED   IIWGE   HRRHV 
e    ■.        '       IMTEMSt   COWtDM  HREft  COMTPHttlMG   THE   IHTEMSITIES   DF   THE   UDMVERTED 
C PIXELS DM THE HNMULUS. 
C   DUTPUT:   NHftX   THE   HIGHEST   SH  VFrt_UE  HT   THIS   M 
c    w ',-^;- 

DIHEHSIDM  SM<:il> 
CDMMOM  .-mTEHS^-   IWSt<1602>!.    IMG2a602> 

C 
10 

111 

112 
C 

50 

30 
100 
114 

115 

SNHftX   =   0. ■    ■ 
MM  =  M  =  -5*HII1C   +   MrtftX 
PRIHT   111:.   HIHC 
FDRf1flT<lH0T35++H  VS.    S CH^ »   WHICH   If+CREMEHT   DF   H   ISJI3> 

PRINT   112 
FDRIWTaHO;.* M  ♦■^T20J ♦€<;«> ♦^^ ., ^. 

DO 100 iM=i IT 11'-^'■■■■•■■■■ ;^' ^■■:-.'■"■■-'-■■•:■■,/.. 
SM<IH>   =  0. ;< ■  ^ 
DD  50   J=l!.HDPTS 

K = j+H ■■■ ':"■-■■:■■■■'y':^' ■^■^■,■■■ 
IF    <K.LT.1>   K=K-»-HDPTS 
IF   <K.GT.MDPTS>   K=K-HDPTS -r 
Stt<IM>   =   IH61 <;j>*If^2<K>   +   SM<:iH> 

CDHTINUE 
PRINT   114i.   M»   SN<IM> 
IF   <:SH«:iH>.LT.SHrtHX>   GDTD  30 
siiWfX = SH<im 
HIWX   =  M .  ■-.     ■    • 
H   =  M+HINC 

COtlTIMUE 
FDRMflTaH   !.I3»F2e.2> 
PRINT   115»NNftX 
FOR^WT < 1 HO:. ♦- N  NftX I MtW   IS   *•> 13> 
IF   <NN.EQ.NMftX   .DR.    IHBS<NN>.EQ.NHftX>   GDTD   10 
RETURN 
END "■■.■■ • ■   V'-- 
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FLOW CHART 
FOR SUBROUTINE ROTAVG 

SELECT 
RASTER 

m 

CALCULATE 
STARTING AND 
ENDING POINTS 

ON RASTER 

I 
SELECT 
PIXEL 

ON RASTER 
(X) 

CALCULATE 
(X',Y') ON 
ROTATED 
IMAGE 

INTRP 

INTERPOLATE TO 
FIND INTENSITY 

AT (X',Y') 

YES 

AVERAGE 
PIXEL INTENSITIES 
FROM TWO IMAGES 

PACK RASTER 
AND STORE 
IN ECS 
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^^ SLIBROUTTWE   RDTftV&<fWeLE> 

:1i  CLOCKWISE  THE   SRHE R«CR>rtT.      THE   II1W6ES  mE  THEN ftVEPft6ED  TD  ftET 
C  THE MEW  rttTEWPCTL^TEB   mWGEt 
e 
C   iHPyTs     fWSLE  -  FmOUMT   m RftDIRNS   TD  RDTRTE  THE   IWftGES 
C -   •'   ECBLK -  FIRST WORD ftDDRESSES DF EftCH RRSTEP DF THE IWftGE^ 
c ■  ■      ■ 
C   OUTPUT:      THE  NEW   mTERPDLRTED   IfWSE 

;©    : 
DI MEhfS I Uh   1 W&3 <69^> ;.   NEW <512> j    I NT <a> ,   CDSRNS (a> ,    -; I NflNR < d > 
CDWNDN .--ECBLK.--   IEC1<:515>!.   IEC2<315::'j   IEC:^<51£> 

€-.■ ■ ■    -^ 
C INITIALIZE   VRRIftBLES 
C 

SINfiNGa>   =  SIN<RMGLE> ' 
CnSRNG<l>   =   CDS<RNGLE> 
SI NRNG <'2>   =  SIN <:-RNGLE> 
CaSRNG<2>   =  CDS<-RN6LE> 
RR  =  255.   ♦ 255. 

■■u ■■ .;: ■■     ' .- 
C RDTRTE   INRGES 
C    ■ ,■,;.-■      ^        - ■        . 

DD  200   J   =   I1.512 
C-   -   -CftLCULRTE   RRSTER   DF   NEW   INRGE;.    .JUST   DD   R   255.0   RRDiy^:   niRHLE 

IEC3 CJ> =69*<.J+1 029> 
CRLL  ZILCH<NEWJ512> 
Y   =  J  -   1 
IF   <Y,EQ.51t.>   GDTD  50 j. 
YOLD  = 255.0  -  Y t 

^:^ K2X2 =  RR  -   <YDLD>*"<:YDLD> 
IF   (:X2X2.LT, 0.>   GDTD   50 
X2  = SQRT<X2X2>   +  255.0 
12  = X2+1. 
n   =  511.5  -  X2 
IF   a2.GT.Il>   GDTD   100 

50 CRLL  WRITEC<NEW!.IEC3<J> J69> 
GDTD  200 

C INTERPOLRTE  DNE  RRSTER  DF   ERCH  INRGE 
100       DD   150   1=11,12 

XDLD  =   I   -  256 
;      ^    >    DD   125   IW^li.2 

XPRIHE  =   <XDLD*CDSRN&<:iN>>   +   <YDLn*^SINRNGaft> > 
YPRINE   =   <YaLD*CDSRNG<:iN>>   -    CXOLD^-SINRNS CINV:. 
X   =   XPRIWE   +   255. 0 

" Y   =  255.0   -   YPRIWE '        N 
IF   CX.LT. 1.0   .DR.   X.GE.512.0.>   GDTD   150 
IF   <:Y.LT.1.0   .DR.   X.&E.512.0>   GDTD   150 
CRLL   INTRP<IN!.XJY!. iNTam> 

125 CONTINUE 
C RVERFfGE  PIXELS 

IF   CINTaS^EQ. 0>    INT<2>=0 
IF aNT<2>.EQ. o> mTa>=o 
NEW<I>   = FLDRT<INT<1>-MNT<:2>>   ♦-  0.5   +.5 

150        CDNTIWJE 
C PRCK RRSTER <512 PIXELS INTO 69 WDRDS> RND STORE RRS:TER. 

CRLL   BRPK^NEWi. 601.1 !rII1S3!. Sir l!.5t2> ^ 
CRLL  WRrTECaMG3,IEC3<J>,69> ' 

200  CDNTINLJE 
RETURN ■   ■■   .   - ^ I,,.--" 

■--"-■   ENB ; ■,: :■;;..■   ■,. c-12   ' ".• IL:, 

)'.; 
f-' 
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FLC3W CHART 
OF   SUBROUTINE   INTRP 

INTRP 

I 
READ IN TWO 
CONSECUTIVE 

RASTERS 
FROM ECS 

I 
GET INTENSITIES 

VALUES FROM 
SURROUNDING 

POINTS 

T 
CALCULATE 
INTENSITY 
FOR X', Y' 

(BILINEAR INTERP) 

C 
I 

RETURN 
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- FILE  TO REftD  RftSTERS   FROPt 
- LDCflTIDM DF PDIMT 

FRDin TDP-LEFT  CDRHER  DF   IWIGE*   BE IMG   a.U 
- CDMWDtt BLOCK   WITH STDRftSE   LDCftTIDMS   DF   EFHIiH  RRSTER 

-   IMTERPDLftTED   irtTEMSITV   VftLUE   RT   (.XJ¥> 

^''f'??^^™ fUBROUTIME   IirmP<rFILEr><» Y» IWT> 
.;■ c 

C   THIS   SUBROUTI!^  DDES   R BILIMEftR   mTERPOLFfTIDM  TD   GET   THE   IMTEMSITY 
C   VftLUE  RT   PDIMT<X»y> 

■ C ^  ■.:..t.-  :   :■■,.;::>,■ , ;.,      :■:    .:   .  ■   -   . ;• 
.    C   IMPUrr, 

C IFILE 
C Kf   V 

:   t\' 
C ECBLK 

■ C 
C   OUTPUTf 

.     C IHT 
■:  ©;:: 

DIMEMSIDM   IRl<51£>j    IRe<:;5t2>!.    IDRTfta38> 
CDWtOH  .-ECBLK^-    lEC! <:!515> J IEC2 (515> :• IEC3 <51£> 

-,   C 
C-  FIMD LDCRTIDM DF IMTEMSITY VRLUES 

'     C 
lY = IFIX<:Y> '   -      _.-[\ 
IX   =   IFIX<X;' •■   ,,, 
IF  <IFILE.EQ.E>  GOTO 5 - ■ 
CRLL   REflDECaDRTRrIECl(IY>»138> 
GOTO   10 
CRLL   RERDEC<IDRTR» IECaaY>:. 139> 
CRLL   BRPK<IDRTR!.8!.l!»IRl!r60!. 1»512> 
CRLL   BRPKaDRTR<70> 'BJ 1J IRSi-eOi. 1 »51E> 

■f 

5 
10 

C 
C GET   IMTEMSITIES 
c ■,. ■ ".■■'■;. ■■"■- 

po = iRi ax>      ■■" 
PI = iRi ax-n> 
P2    =     IR2<IX> ■■■      ;'■:' 
P3 = IRe<IX-»'l> 

B' ■ ■ 
C-  CRLCULRTE IMTEMSITY RT PDIMTCX»Y> FROM SURRDUMDIMG PDIMTS 
C 

DX   =  X   -  FLDRT<IX> !| 
DY   =  Y  -  FLDftT<IFIX<Y>> 
XIMT  =   <:P1-P0>*DX  +   <P2-P0>*DY   +   (P3+P0-P£-P1>*DX*DY   +  PO 
IMT  =  XIMT  +0.5 
RETURM  . , ■; ,    . ''    • 
EMD 
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FLOW CHART 
?0R SUBROUTINE PRT 

(     PRT     ) 

READ IN MIDDLE 
128 RASTERS 
FROM FILE 

" 
BRPK 

ONPACX 128 
PIXELS FROM 

RASTER 

I 
SELECT PRINT 
CHARACTER FOR 
EACH INTENSITY 

NO 
^•^ALL^V,^ 

^^  PIXEL'S ON ^V. 
RASTER 
DONE 

rss 

PRINT LINE 
OF CHARACTERS 
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c 
c 
c 
c 
c 
G 
C 
C 
C 

c 

i;     SUBRDUTIME  PRT<IMeFILE>       :, 

THIS   SUBRDUTIHE   PRI^fTS   DUT   THE  CEttTRf=M_   128X128   PORT I DM   OF   fth   IM85E. 

INPUT?  IMGFILE - UNIT NUNBER DF THE FILE 
UNIT 1 - BEFORE INftGE 

.•.„..^ -:..-■-:.   £ - AFTER INftSE 
3 - INTERPDLftTED INftGE 

ECBLK   - STDRftGE LDCftTIDNDF EfiCH RftSTER 

DIMENSIDN   ItlffGE < 128> j    INCt£8> T    ICHPR <. 16> J   NflNE f.3> J    1 FILE ■:.883C:;> 

CDNNQN   •■■ECBLK^'   lECl <!515> ;. lECE (:515> i. IEC3 <512> 
DRTft   ICHftR^lH   i»lH. jlHi!.lH-jlH+!. 1H*T. IHlj lH2i. 

+ 1H3» 1H4!. 1H5>1H6!. 1H7J 1H8J 1H9J IHs,'- 
DftTft  NftNE■•■ 1 OHTHE   BEFDREi-lOH  THE   ftFTERj 1 OH        THE   NEW--- 

30^ 

400 

PRINT   1J   NHMEaNGFILE> ^., •p'.- 
FDRNW <1H1-ffll O:.*^ INftGE   PRINTED*^    ^       ']: 
IF   CIWGFILE.EQ.1>    IEC=IEC1<193> 
IF    (:iM6FILE.EQ.a>    IEC=IEC2 <193> 
IF   <INGFILE.EQ.3>    IEC=IEC3 <:193> i |l 
CfiLL  REHDECaFILEjIECT8832> 
L=l 
DD  400   .J=193J320 

CRLL   BRPKr<IFlt€<L>!.8*193!. INPfGErSOirl:. 128> 
--~ DQ 3^0   1=1!. 128 
- :'-^W: :=--fr 

■- INT   =  IMAGE <r>-. 
— -:      TNT   =   INT.-^16   -»-  1- 

•     m<K> = icHftR<iNT>      ;,      : ' :■ 
CONTINUE 

PRINT   £-.    <IN<K>5K=1:.128> ;: 
- L=L+69 
CONTINUE ' < 
FDR«ftT<lH  »128<m>> ; : 
RETURN .■;'■•-..-■■•■■■.■:■•■■..■•■.:■   . '   • 
END- .■■:■../' ■:.-^.:; =;;."■. :■■■■■■■ 
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FLOW CHART 
FOR SUBROUTINE RITIMG 

NO 

RITIMG 

CREATE NEW 
HEADER FROM 

"BEFORE" IMAGE 

WRITE HEADER 
TO OUTPUT FILE 

READ DATA RECORD 
(RASTER) 
FROM ECS 

WRITE DATA 
RECORD TO 

OUTPUT FILE 

READ 
DOCUMENTATION 
RECORDS FROM 
"BEFORE" IMAGE 

WRITE 
DOCUMENTATION 

RECORD TO 
CURRENT FILE 

REWIND 
FILE 

I 
RETURN 
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C 

c 
c 
c 
c 
e 
e 

c 

c 

1^ 

c- 

e- 

TRfS   SUlSmFFIME  WRITES   J»E  MEWLV  CREftT^D   IMftSE   TO   THE   FILE?   TftPE5. 
rrtPUT: 

ECBLK   -   CDHrtOM  BLOCK  WITH  STDRftGE   LDCftTIDrtS   DF   EftC:H  RHSTER 
—.--^—-T-    lECl   -  BEFORE   IHft6E "'f f■■-■.--'.^   '- 

 -^v: iEce--'HFTER IWft6E        •■^ ,■.■:':■,:...:..,.;:-■,; . 
IEC3 - HEW IHTERPDLHTED IHftGE 

OUTPUT: THE HEW IHTERPDLftTED IHR^E WRITTEH TO THPE OR DISK FILE. 
THE FORHHT DF THE FILE WILL BE: 

RECORD HO.    COHTEHTS 

..._...;^,.,..,._,:^.„-...,..-..., .   j.-        HEHDER 

^^   ........      2   _   513 pf^Tpf   <PIXEL   IHTEHSITIES> 
5J4,  _   5J5 DOCUHEHTHTIDN 

- jHE   HERDER  FIHD  DOCUMEHTftT I OH RECORDS   WILL   BE   COPIED   FRDH 
:.    .L . .. .;.    j^^   BEFORE   IHR^E. 

DIHEHSIDH   IHfteE«:6^>»    IHEftDER<69>j    IWK03> 
COHHDH  .-'ECBLK.-^   IECI<5t5> ;.    IEC2<515>!.    IEC3<:5ia> 
DftTH  IWK.'l 0HIHftGE4fIHTE> 1 OHRPOLHTED^ft, 1 riHFTER444444!. S^-O-- 

-IHITIftLIZE 

HSKl   =   lOOltJOIOOlOOlOOlOOlOB 
HSKa = 01oai001001001001001B 
riSK3 = 001 001001 001001001 OOB 

C HERDER RECORD 

30> 

Ll- 

CftLL   BRPK<IWK!r6!.lTlWK'^9jl 
IWKa>   =   IWK<1>    -OR.   HSKl 
IWK<2>   =   IWK<2>   .DR.   HSKa 
IWK<3>   =   IWK<3>    .DR.   r^K3 
IWK<4>   =   IWK«:4>    -DR.   WSKl 
CALL   BRPK<IWKir9!. 1 J IHERDER? Si^ 1 T30> 

CRLL   RERDEC < I PtR6E!. I EC 1 <515> ;- 69> 
I HERDER <4>   =^ SHI FT <   I URGE < 1 > . RHD. HRSK <56> j +56> 
ICHRR   =   I»W6E<1> .RHD. .HOT-MRSKOSJ- 
ISCRTCH  =   IHReE<e>.RHD.HRSK<56>.DR.ICHRR 
IHERDER <5> -  SHI FT < ISCRTCH;- +S6> 
CRLL   BRPK<:iHERDER!.8!rl,IWK»12j l!.80> 
CRLL   RSCIDPC<IW«!i 16;. IHRSEir 16!.LDPCi. IERR> 
IF   aERR.EQ.l>   PRIHT  222JLDPC: 

PRIHT   333;. <IMR6E <L> !.L=l»LDPO 
I HERDER <5>   =  IHRGE<2> 
BUFFER OUT   <5 J 1 >    < I HERDER < 1 > j I HERDER <.69> > 
IF   <UHIT<:5>>   20;. 110^110 
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e- 
an  DO   30  rt=2^5t5 

.,.■■:,■■---      LDC   =  M-1 
IF   <LDC,&T.512>   SDTD  £5 

— - CALL   REftDEC aWftSE". IEC3 ^LDO K 69^>      \ 
SDTD  a7 

25        CALL   RERDECCIIW&EylECt <:LDC> ^^^►> - 
27        BUFFER  DUT   C?* 1 >    a MftSE < 1 > J I«ft&E <:69> > 

IF   0JMIT(:5>>   30^11 Oi.no 
,   30  CDHTINUE 

C 
Ef+DFILE   5 
REWIMD 5 

.-v. ■;,■ RETURH 
c ■ ■ "■    -■■■■•   ^■■'■'. ' 
C ERROR   EXIT 
C 

110 PRIWT   1 
111 FQRWfT* 
222 FDf^ftftK 
333  FORftftT< 

II1.M 
♦= ERROR  —   EOF   OR  PfiRITY   IH P.lJlhSj   MD.    BLOCKS   =   ♦;-15; 
♦ ERROR TDD  SItRLL   If1f=H5E   flRRftV?   LDPC   =*-!.I5> 
#" MEW   IMft6E   HEftI3CR   IS   ♦i-SmO^ 

RETURN        V 
EMD .    ./^. 
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ABBREVIATIONS AND DEFINITIONS 

CDC 

CM 

DG 

ECS 

FNOC 

GADHS 

GOES 

HAL 

MCIDAS 

NEPRF 

NTSC 

ODSI 

PGP 

Pixel 

Raster 

RBG 

SPADS 

SPC 

VSN 

Control Data Corporation 

Central Memory 

Data General 

Extended Core Storage 

Fleet Numerical Oceanography Center 

GOES Acquisition and Data Handling System 

Geostationary Operational Environmental Satellite 

A computer at FNOC (a CDC 6500) 

Man Computer Interactive Data Access System 

Naval Environmental Prediction Research Facility 

National Television System Committee 

Ocean Data Systems, Inc. 

Programmable  Graphic  Processor,  part  of  the Genisco 
GCT-3000 display unit 

Picture element, the smallest addressable element of an 
image 

A row of pixels 

Red-Blue-Green,   the   basic   colors   from   which   digital 
images are built If: 

Satellite-data Processing and Display System 

A computer at FNOC (a CDC CY175) 

Volume Serial Number, for magnetic tapes 
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DISTRIBUTION 

COMSECONDFLT 
AHN: NSAP SCIENCE ADVISOR 
FPO NEW YORK 09501 

COMSEVENTHFLT 
FLT METEOROLOGIST, N30W 
FPO SAN FRANCISCO 96601 

COMTHIRDFLT 
NSAP SCIENCE ADVISOR 
CODE N702/01T 
PEARL HARBOR, HI 96860 

CHIEF OF NAVAL RESEARCH (2) 
LIBRARY SERV., CODE 734 
RH 633, BALLSTON TOWER #1 
800 QUINCY ST. 
ARLINGTON. VA 22217 

OFFICE OF NAVAL RESEARCH 
NARAD BRIEFING FILM REPORT 
800 N. QUINCY ST. 
ARLINGTON, VA 22217 

NAVAL DEPUTY TO THE 
ADMINISTRATOR, NOAA 

RM 200, PAGE BLDG. #1 
3300 WHITEHAVEN ST. NW 
WASHINGTON, DC 20235 

OFFICER IN CHARGE 
HAVOCEANCOMDET 
MONTEREY, CA 93940 

LIBRARY 
NAVAL ARCTIC RESEARCH LAB 
BARROW, AK 99723 

COMMANDING OFFICER 
NAVAL RESEARCH LAB 
ATTN: LIBRARY. CODE 2620 
WASHINGTON, DC 20390 

COMMANDING OFFICER 
NAVOCEANO LIBRARY 
NSTL STATION 
BAY ST. LOUIS, MS 39522 

C(»1MANDING OFFICER 
FLENUMOCEANCEN 
MONTEREY, CA 93940 

COMMANDING OFFICER 
NAVWESTOCEANCEN 
BOX 113 
PEARL HARBOR, HI 96860 

COMMANDING OFFICER 
NAVEASTOCEANCEN, NAS 
MCADIE BLDG. (U-117) 
NORFOLK, VA 23511 

COMMANDING OFFICER 
NAVPOLAROCEANCEN 
NAVY DEPT. 
4301 SUITLAND RD. 
WASHINGTON, DC 20390 

COMMANDING OFFICER 
U.S. NAVOCEANCOMCEN 
BOX 12, COMNAVMARIANAS 
FPO SAN FRANCISCO 96630 

COMMANDING OFFICER 
U.S. NAVOCEANCOMCEN 
BOX 31 (ROTA) 
FPO NEW YORK 09540 

SUPERINTENDENT 
LIBRARY REPORTS 
U.S. NAVAL ACADEMY 
ANNAPOLIS, MD 21402 

PRESIDENT 
NAVAL WAR COLLEGE 
ATTN: GEOPHYSICS OFFICER 
NEWPORT, RI 02840 

COMMANDER (2) 
NAVAIRSYSCOM 
ATTN: LIBRARY, AIR-00D4 
WASHINGTON, DC 20361 

COMMANDER 
NAVAIRSYSCOM, AIR-33 
WASHINGTON, DC 20361 

COMMANDER 
PACMISTESTCEN 
GEOPHYSICS OFFICER 
CODE 3250 
PT. MUGU, CA 93042 

NAVAL POSTGRADUATE SCHOOL 
HETEORO. DEPT., CODE 63 
MONTEREY, CA 93940 

NAVAL POSTGRADUATE SCHOOL 
ATTN: LIBRARY 
»«)NTEREY, CA 93940 

USAFETAC/TS 
SCOTT AFB, IL 62225 

3350TH TECH. TRNG GROUP 
TTGU/2/ST0P 623 
CHANUTE AFB, IL 61858 

AFGWC/DAPL 
OFFUTT AFB, NE 68113 

AFGL/LY 
HANSCOM AFB. MA 01731 

AFGL/OPI 
HANSCOM AFB, MA 01731 

5WW/DN 
LANGLEY AFB. VA 23665 

CHIEF 
AEROSPACE SCIENCE BRANCH 
HQ 1ST WW (MAC) 
HICKAM AFB. HI 96853 

COMMANDER & DIRECTOR 
ATTN: DELAS-DM-A 
U.S. ARMY ATMOS. SCI. LAB 
WHITE SANDS MISSILE RANGE 
WHITE SANDS, NM 88002 

DIRECTOR 
LIBRARY, TECH. INFO. CEN. 
ARMY ENGS. WATERWAYS SIN. 
VICKSBUR6, MS 39180 

DIRECTOR (12) 
DEFENSE TECH. INFORMATION 

CENTER, CAMERON STATION 
ALEXANDRIA, VA 22314 

CHIEF 
MARINE SCIENCE SECTION 
U.S. COAST GUARD ACADEMY 
NEW LONDON. CT 06320 

DIRECTOR 
OFFICE  OF  PROGRAMS RX3 
NOAA RESEARCH LAB 
BOULDER,  CO 80302 
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DIRECTOR, NATIONAL EARTH 
SATELLITE SERV/SEL 

FB-4, S321B 
SUITLAND, MD 20233 

DIRECTOR 
NATIONAL HURRICANE CENTER 
NOAA, GABLES ONE TOWER 
1320 S. DIXIE HWY 
CORAL GABLES, FL 33146 

CHIEF, SCIENTIFIC SERVICES 
NWS, PACIFIC REGION 
P.O. BOX 50027 
HONOLULU, HI 96850 

NOAA RESEARCH FACILITIES 
CENTER 

P.O. BOX 520197 
MIAMI, FL 33152 

DIRECTOR, CENTRAL PACIFIC 
HURRICANE CENTER 

NWS, NOAA 
HONOLULU, HI 96819 

CHIEF 
MESOSCALE APPL. BRANCH 
NATIONAL EARTH SAT. SERV. 
1225 W. DAYTON 
MADISON, WI 53562 

MANAGER 
NATIONAL EARTH SAT. SERV. 
SATELLITE FIELD SERV. STN. 
701 C. ST., BOX 45 
ANCHORAGE, AK 99513. 

DIRECTOR (AOML) 
NATIONAL HURRI. RSCH. LAB. 
1320 S. DIXIE HWY. 
CORAL GABLES, FL 33146 

DIRECTOR 
TECHNIQUES DEVELOPMENT LAB 
GRAMAX BLDG. 
8060 13TH ST. 
SILVER SPRING, MD 20910 

NATIONAL WEATHER SERV./NOAA 
ATTN: J. W. NICKERSON 
MARINE OBSERV. PROG. LEADER 
GRAMAX BLDG. 8060 13TH ST. 
SILVER SPRING, MD 20910 

THE EXECUTIVE DIRECTOR 
AMERICAN METEORO. SOCIETY 
45 BEACON ST. 
BOSTON, MA 02108 

AMERICAN METEORO. SOCIETY 
METEORO/GEOASTRO ABSTRACTS 
P.O. BOX 1736 
WASHINGTON, DC 20013 

LAB. FOR ATMOS. SCIENCES 
NASA 
GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD 20771    t 

SCRIPPS INSTITUTION OF 
OCEANOGRAPHY, LIBRARY 

DOCUMENTS/REPORTS SECTION 
LA JOLLA, CA 92037    , 

DIRECTOR 
CENTER FOR MARINE STUDIES 
SAN DIEGO STATE UNIVERSITY 
SAN DIEGO, CA 92182 

CHAIRMAN, METEOROLOGY DEPT. 
CALIFORNIA STATE UNIVERSITY 
SAN JOSE, CA 95192    | 

COLORADO STATE UNIVERSITY 
ATMOS. SCIENCES DEPT. 
ATTN: DR. ROGER PIELKE 
FT. COLLINS, CO 80523 

DIRECTOR, REMOTE SENSING LAB 
UNIVERSITY OF MIAMI 
P.O. BOX 248003 
CORAL GABLES, FL 33124 

CHAIRMAN, METEOROLOGY & ' 
PHYSICS DEPT. 

UNIVERSITY OF FLORIDA 
215 PHYSICS BLDG. 
GAINESVILLE, FL 32601 

FLORIDA STATE UNIVERSITY 
ENVIRONMENTAL SCI. DEPT. 
TALLAHASSEE, FL 32306 

UNIVERSITY OF HAWAII 
METEOROLOGY DEPT.     . 
2525 CORREA ROAD     1 
HONOLULU, HI 96822 

UNIVERSITY OF CHICAGO 
ATMOSPHERIC SCIENCES DEPT. 
1100 E. 57TH ST. 
CHICAGO, IL 60637 

DIRECTOR 
COASTAL STUDIES INSTITUTE 
LOUISIANA STATE UNIVERSITY 
ATTN: 0. HUH 
BATON ROUGE, LA 70803 

DIRECTOR, JTWC     i- 
BOX 17 
FPO SAN FRANCISCO 96630 

ACQUISITION SET. IRDB-D823 
LIBRARY & INFO. SERV., NOAA 
6009 EXECUIVE BLVD. 
ROCKVILLE, MD 20852 

UNIVERSITY OF MARYLAND 
METEOROLOGY DEPT. 
COLLEGE PARK, MD 20742 

CHAIRMAN, METEOROLOGY DEPT. 
MASSACHUSETTS INSTITUTE OF 

TECHNOLOGY 
CAMBRIDGE, MA 02139 

CHAIRMAN, ATMOSPHERIC 
SCIENCE DEPT. 

UNIV. OF MISSOURI, COLUMBIA 
701 HITT ST. 
COLUMBIA, MO 65211 

DIRECTOR OF METEOROLOGY 
EARTH & ATMOS. SCI. DEPT. 
ST. LOUIS UNIVERSITY 
P.O. BOX 8099 
ST. LOUIS, MO 63156 

CHAIRMAN, METEOROLOGY DEPT. 
PENNSYLVANIA STATE UNIV. 
503 DEIKE BLDG. 
UNIVERSITY PARK, PA 16802 

TEXAS A&M UNIVERSITY 
METEOROLOGY DEPT. 
COLLEGE STATION, TX 77843 

CHAIRMAN 
ATMOS. SCIENCES DEPT. 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VA 22903 

UNIVERSITY OF WASHINGTON 
ATMOSPHERIC SCIENCES DEPT. 
SEATTLE, WA 98195 

CHAIRMAN, METEOROLOGY DEPT. 
UNIVERSITY OF WISCONSIN 
1225 W. DAYTON ST. 
MADISON, WI 53706 

COLORADO STATE UNIVERSITY 
ATMOSPHERIC SCIENCES DEPT. 
ATTN: LIBRARIAN 
FT. COLLINS, CO B0521 

SAINT LOUIS UNIVERSITY 
EARTH & ATMOS. SCI. DEPT. 
BOX 8099-LACLEDE STATION 
ST. LOUIS, MO 63156 

WORLD METEOROLOGICAL 
ORGANIZATION, ATS DIV. 

ATTN: N. SUZUKI 
CH-1211, GENEVA 20 
SWITZERLAND 

BUREAU OF METEOROLOGY 
ATTN: LIBRARY 
BOX 1289K, GPO 
MELBOURNE, VIC, 3001 
AUSTRALIA 
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